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THE RELATIVE EFFECTIVENESS OF SYMPATHETIC GANGLIONEC- 
TOMY AND SECTION OF PREGANGLIONIC FIBERS IN 
INACTIVATION OF SMOOTH MUSCLE 


Homer D. Kireis, M.D.,* AprIAN F’. REep, M.D.,t AND JoHN Y. PEARCE, M.D.,t 
NEw ORLEANS, La. 


INTRODUCTION 


- ADDITION to the lack of complete agreement regarding the value of sym- 
pathectomy in the treatment of many pathologic conditions, there continues 
to be much controversy among clinicians and experimentalists regarding the 
most satisfactory method of isolating peripheral structures from central centers 
of the sympathetic nervous system.''* One of the most debated points has been 
the question of the desirability of preserving the sympathetic ganglia supplying 
postganglionic fibers to the area to be isolated from central sympathetic activity. 
Certain workers have stressed the importance of leaving intact, in all cases in so 
far as possible, the sympathetic ganglia which supply postganglionic fibers to 
the area to be sympathectomized.** This has been deemed especially important 
in those cases in which the operation is performed to diminish the activity of 
smooth muscle, such as in diseases characterized by undue vasoconstriction of 
the extremities. This conclusion was reached by workers who were impressed 
by the continued activity of smooth muscle following sympathectomy. Some 
of these investigators demonstrated that such muscle cells may make a greater 
than normal response to certain excitatory substances circulating in the blood, 
such as epinephrine.’*"!8 Essentially, these observations have been summarized 
by Cannon in his law of denervation,!® which states that when, in a series of 
efferent neurons, a unit is destroyed, increased irritability to chemical agents 
develops in the isolated structure or structures, the effect being maximal in the 
part directly denervated. It is obvious that if this were true exactly as stated, 
any type of sympathectomy would indeed be rarely indicated provided these 
chemical agents were always readily available and the part directly denervated 
eapable of responding to this stimulation maximally. The enthusiastic recom- 
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942 KIRGIS, REED, AND PEARCE ecemn See 
mendations that sympathectomy be accomplished by section of preganglionic 
fibers are a product of the investigations summarized by this law of denervation. 
It should be recalled that this statement applies also to structures isolated from 
the central nervous system by section of the preganglionic fibers.2? It has been 
reported that this hyperactivity continues until central regulatory action again 
becomes evident if the preganglionic fibers have been sectioned.** 

Others, who have not been so impressed by this phenomenon of increased 
activity of isolated structures, have made no attempt to preserve the sympathetic 
ganglia in question.* *** It is generally recognized that the preganglionic fibers 
are particularly versatile in their attempts at regeneration. Smithwick,’* among 
others, has emphasized that if sympathectomy is accomplished by section of the 
preganglionic fibers, measures should be taken to prevent regrowth of the sev- 
ered axons. Measures recommended include sectioning the fibers intradurally, 
burying the cut ends of the severed fibers in adjacent muscles, applying a foreign 
body such as silk or cellophane over the cut ends of the severed fibers, or re- 
moving a segment of the nerve trunk which is long enough to make successful 
regeneration unlikely. 

A great deal has been written regarding the activity of smooth muscle after 
fairly short intervals have elapsed following sympathectomy. However, rela- 
tively little has been recorded referable to the final status of the sympathec- 
tomized muscle, although several workers have mentioned the return of the 
denervated muscle to normal activity in eases in which preganglionic or post- 
ganglionic fibers had been severed.2" 22. The final reaction in animals subjected 
to removal of ganglia which supply the muscles in question with postganglionic 
fibers has seemed particularly inadequately described. In discussion of sympa- 
theetomies to date, much of the emphasis has been placed on: (1) the assumed 
importanc: of preserving postganglionic fibers to prevent ‘‘inereased sensi- 
tivitv’’ of the denervated structures to circulating excitatory substances, (2) 
the possible significance of incomplete denervation in recurrence of symptoms, 
and (3) the factor of regeneration of preganglionic and postganglionic fibers. 
Stress has been placed chiefly on the first two factors. Less emphasis has been 
placed on the importance of performing the sympathectomy in such a way that 
functional regeneration is completely obviated. This is in spite of the fact that 
the majority of patients who react unfavorably to sympathectomy do so several 
weeks or months postoperatively,* ** that is, after the elapse of a period suf- 
ficiently long that the factor of regeneration should be suspected of being highly 
important. 

EXPERIMENTAL METHOD 


The present study was undertaken primarily to compare what might be 
considered the final reaction of smooth muscle following its isolation from 
central sympathetic centers by severing preganglionic fibers with the reaction 
of muscle sympathectomized by removal of the ganglia which supply _post- 
ganglionic fibers to the muscles observed. The former procedure may be re- 
ferred to as a preganglionic type of sympathectomy and the latter as a ganglionic 
type. The structures selected to be observed were the dilator muscle of the iris 
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and the nictitating membrane of the cat. Thus, gangl 
sisted of removal of the superior cervical ganglion. 
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ionic sympathectomy con- 
Preganglionie sympathec- 


tomy was accomplished by excision of the sympathetic trunk and ganglia from 
a point approximately 5 mm. superior to the cervicothoracie ganglion to a point 
approximately 5 mm. inferior to the second thoracic sympathetic ganglion. 
Fig. 1, A demonstrates diagrammatically the most typical relationship of the 
dilator muscle of the iris and the muscle of the nictitating membrane to the 
sympathetic centers of the upper thoracic segments. The portion shown in 
broken lines, that is, a segment from a short distance above the cervicothoracic 
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A. B. 


Fig. 1.—A, Diagrammatic sketch indicating sympathetic pathways to iris and nictitating 
membrane interrupted for preganglionic type of sympathectomy. B, Diagrammatic sketch in- 
dicating sympathetic pathways to iris and nictitating membrane interrupted for ganglionic type 


of sympathectomy. 

ganglion to a point immediately inferior to the second thoracic ganglion, is the 
part resected to perform the preganglionic sympathectomy. Apparently pre- 
ganglionic fibers may reach the superior cervical ganglion from as low as the 
seventh thoracic segment.2? Fig. 1, B illustrates the same relations but indicates 
in broken lines the portion resected to complete the ganglionic sympathectomy. 
The superior cervical ganglion was dissected from its close attachment to the 
vagal ganglion and resected with approximately 1 em. of the upper portion 
of the svmpathetie trunk. 

REACTIONS OF PUPIL AND NICTITATING MEMBRANE 


Following Ganglionic Sympathectomy.—Twenty animals were included in 
As soon as each animal recovered from the anesthesia induced by 


this group. 
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Pentothal Sodium, the experimental pupil remained greatly constricted regard- 
less of the intensity of the light to which the animal was exposed. Except under 
light sufficiently intense to cause pronounced constriction of both pupils, the 
experimental pupil was much smaller than the opposite, control pupil. Con- 
striction of the sympathectomized pupil and relaxation of the sympathectomized 
nictitating membrane were slightly greater immediately after operation than 
three to four weeks later. However, the contrast with the normally innervated 
structures continued to be great (Fig. 2, A). This relative inactivation of the 
decentralized structures has continued in 4 animals during a postoperative 
period of thirty months (Fig. 2, B). No member of this group exhibited evidence 
that central sympathetic centers had re-established effective functional relation- 
ship with the periphery. The experimental pupil dilated under certain con- 
ditions, such as restriction of the amount of light striking the retinas, anger, 





A. B. 
Fig. 2.—A, One month after right superior cervical ganglionectomy (ganglionic type of 


sympathectomy). 
lionectomy. 


B, Same animal as in A two and one-half years after superior cervical gang- 


hunger, and similar situations. Dilatation of the experimental pupil was rela- 
tively ineffectual compared with the control pupil in each case. The periods 
of enlargement of the pupil might be interpreted as representing the resultant 
of the following reactions: (1) diminution in the number of excitatory impulses 
passing via the oculomotor nerve and through the ciliary ganglion to the con- 
strictor muscle of the iris, (2) impulses passing along the oculomotor nerve to 
the ciliary ganglion and thence to the iris via adrenergic fibers in the short 
ciliary nerves,?® (3) the direct stimulation of the dilator muscle of the iris by 
circulating excitatory substances, such as epinephrine. 

Following Preganglionic Sympathectomy.—Sixty animals were included 
in this group and observed postoperatively for periods ranging from one month 
to two and one-half years. The immediate postoperative reactions of both the 
dilator muscle of the iris and the muscle of the nictitating membrane were 
similar to those following ganglionic sympathectomy (Fig. 3, A). The immediate 
responses in the two situations undoubtedly should be considered identical. 
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In animals with a ganglionic sympathectomy on the right and a preganglionic 
sympathectomy on the left, usually the pupils were identical in size and the 
nictitating membranes equally relaxed (Fig. 4). However, sometimes the right 
pupil was slightly larger and at other times the left. These differences in pupil- 
lary size in the immediate postoperative period were always transient. Occa- 
sionally in this group, although the pupils were of equal size, the nictitating 
membrane would be more relaxed on one side than the other. There was no 


A. C. 





B. D. 
Fig. 3.—A, One month after removal of the cervicothoracic and second thoracic ganglia 
on the right (preganglionic type of sympathectomy for the eye). B, Same animal as in A 
four months after preganglionic sympathectomy. OC, Same animal as in A six months after 
preganglionic sympathectomy. Note that the experimental pupil (right) is slightly larger than 
the opposite, control pupil. D, Same animal as in A thirteen months after first preganglionic 
sympathectomy and one month after a second preganglionic sympathectomy. 


consistency in this variation either. For two or three months the reactions of 
the muscles isolated by ganglionic or preganglionic sympathectomy were essen- 
tially the same regardless of whether the animals were exposed to a favorable 


or unfavorable environment. In most of the animals subjected to this type of 
preganglionic sympathectomy for the pupil, there was, after three to four 
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months, slight but definite evidence of return of direct sympathetie control of 
the experimental muscles (Fig. 3, B). This was apparent by the fact that the 
experimental pupil maintained a slightly greater size except when pronounced 
constriction of both pupils was induced by strong light and by reduction in 
exposure of the nictitating membrane. In some animals of this group, these 
changes required longer to appear; however, all demonstrated such changes. 
Krom four to eight months following operation, all animals subjected to this 
type of preganglionic sympathectomy of the iris and nictitating membrane 
exhibited evidence of enhanced activity of the experimental muscles as compared 
with the control muscles of the opposite side (Fig. 3, (). It has seemed evident 
that regeneration of preganglionic fibers into the decentralized superior cervical 
ganglion has been the significant factor in the renewal of activity by the experi- 
mental muscles. Fig. 3, D, a photograph of the same animal shown in Fig. 3, 
A, B, and C, was made thirteen months after the first sympathectomy and one 
month after resection of a 2 em. segment of the cervical portion of the sym- 
pathetic trunk immediately superior to the cervicothoracic portion of the trunk 





Fig. 4.—Two weeks after superior cervical ganglionectomy on the right and pregang- 
lionic sympathectomy on the left. Note similarity of reaction of pupils, nictitating membranes, 
and blood vessels. 


removed at the first operation. As can be seen in this figure, the reactions of 
the pupil and nictitating membrane were the same as those after the first opera- 
tion; this again demonstrates the part of regeneration in renewal of activity 
of the previously sympathectomized muscles. The apparent significance of 
regeneration of preganglionic fibers in this reaction has been previously in- 
dicated**; dilatation of the ipsilateral pupil was produced by stimulating the 
isolated sympathetic trunk immediately inferior to the cervicothoracie portion 
of the trunk removed several months earlier. Usually at this stage, with the 
animal resting quietly, the experimental muscles were more relaxed than the 
control muscles. However, even with slight activity, such as standing or walk- 
ing quietly about the cage, the comparative hyperactivity of the experimental 
muscles became evident. This type of reaction has continued to be character- 
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istic of most of the animals of this group. Fig. 5, a series of photographs made 
within a period of a few minutes, illustrates well this variability in activity of 
the experimental muscles as compared with the activity of the control muscles. 
The preganglionic type of sympathectomy was performed two years previously 
in this animal. Of forty animals subjected to this type of sympathectomy and 
maintained for a period of eight months or longer, all but six manifested this 
type of reaction. | ive of the remainder failed to show the periods of relatively 
decreased activity of the experimental muscles. One animal continued after 


A. C. 





B. D. 


Series of photegraphs of same animal made within a period of a few minutes. 
Note variation in com- 





Siehie” Shunamalaeeen sympathectomy performed two years earlier. 
parative size of experimental and control pupil. 

eighteen months to exhibit consistent evidence of hypoactivity of the experi- 
mental muscles. There have been, to date, only transient periods of hyper- 
activity of the experimental muscles in this particular animal and these were 
precipitated only by intense stimulation. Possibly after a longer postoperative 
period has elapsed, this animal’s response will more closely simulate that char- 


acteristic of the group. 
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DISCUSSION 


These observations, of course, do not demonstrate that superior cervical 
ganglionectomy more completely inactivates the dilator muscle of the iris and 
the muscle of the nictitating membrane than resection of the preganglionic 
fibers, provided successful regeneration of the latter is prevented. They do 
indicate, once more, that preganglionic fibers possess rather remarkable ability 
to regenerate and that mere resection of a relatively long segment of the fibers 
is inadequate to prevent functional regeneration. Excision of the peripheral 
ganglionic cell stations of the preganglionic fibers for the area to be sympathec- 
tomized was an effective method of diminishing the activity of the smooth 
muscles studied. In the animals of this group exposed to what might be called 
a normal environment, it was not apparent that the smooth muscles isolated in 
such a manner exhibited undue activity which might be the result of so-called 
circulating excitatory substances exerting an unusually great effect on the 
peripheral structures after degeneration of their postganglionic fibers. The 
animals have not been exposed to conditions causing a significant degree of 
anoxia. 

It should be recalled that the majority of patients who react unfavorably 
to sympathectomy do so several months after the operation; this would seem 
to indicate that regeneration of severed fibers may be the significant factor in 
recurrence of symptoms. 

CONCLUSIONS 

1. Smooth muscles isolated by a ganglionic type of sympathectomy have 
continued after thirty months to remain relatively inactive. 

2. Smooth muscles isolated by a preganglionic type of sympathectomy have, 
after four to eight months, regained pronounced ability to contract and fre- 
quently thereafter maintained a degree of contraction greater than that of the 
normally innervated control structures. 

If the reaction evident two and one-half years after each type of sym- 
pathectomy represents the final result in each case, the only significant hyper- 
activity demonstrated by the experimental muscles will have been in those ani- 
mals subjected to the preganglionic type of sympathectomy, and this became 
apparent only several months after the operation. 

These observations, of course, indicate that the most strategie method of 
attack on the sympathetic nervous system is to direct the greatest effort toward 
removal of the peripheral ganglia which supply postganglionic fibers to the 
area to be sympathectomized, as this will obviate any possibility of structures 
in the area coming again under direct control of the central sympathetic centers. 
We are impressed by the probability that sympathectomy would today be a 
more popular procedure if, in the past, less attention had been focused on the 
apparently transient periods of enhanced activity demonstrated by denervated 
smooth musele in certain unphysiologie conditions, and more recognition had 
been given the ability of preganglionic fibers to regenerate into decentralized 
peripheral ganglia. 
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TRANSECTION AND LIGATION OF THE ABDOMINAL AORTA 


WituiAM G. CAHAN, M.D., AND ALEXANDER BRUNSCHWIG, M.D., New York, N. Y. 


(From the Memorial Hospital Center for Cancer and Allied Diseases) 


URVIVAL following ligation of the abdominal aorta, other than for aneu- 

rysms, appears to have been uncommon. Scott,® in 1905, attempted to con- 
trol hemorrhage following a gunshot wound of the aorta just at the bifurcation 
of the common iliae arteries by ligation proximal to the puncture, but the pa- 
tient died 1 hour later. Hamann,’ in 1918, partially ligated the aorta to control 
hemorrhage from the right common iliae artery to which a pelvic tumor was 
attached. The patient survived 6 months and died from hemorrhage from an 
uleer in the sacral region. At autopsy, however, the aorta had a partially re- 
stored lumen. 

More recently, Cooper, Harris, and Kahn? reported ligation, division, and 
excision of a portion of the abdominal aorta following removal of a shell frag- 
ment, embolic from the heart where it had originally lodged and had later be- 
come loosened to be arrested at the iliac bifureation. The ligation was per- 
formed to prevent an anticipated calamitous hemorrhage from the weakened 
aortic wall. Their patient, who was 21 vears of age, survived and developed 
no persistent peripheral vascular symptoms. 

Ladd’ excised a portion of the abdominal aorta in a child in order to re- 
move a neuroblastoma which extended to the vessel wall. The child had no 
difficulties subsequent to the ligation and there has been no evidence of tumor 
recurrence. 

In the case to be described there was metastatic carcinoid surrounding the 
lower segment of the abdominal aorta and upper portion of the common iliac 
arteries. The primary growth was in the lower colon. In taking a biopsy from 
the mass the aorta was entered, transected, and ligated. The patient survived 
6 months and died of extension of the tumor. The family and previous history 
were not relevant. 

CASE REPORT 

Illness at Time of Admission.—In October, 1947, the patient, who was a 41-year-old 
salesman, noticed increasing constipation and the onset of low back pain. There was 
oceasional bright red blood in the feces and his weight fell rapidly from 150 pounds to 
130 pounds in a period of 3 months. In February, 1948, at another hospital, he had a 
segment of descending colon resected and an end-to-end anastomosis performed as a 
palliative procedure. The pathologic diagnosis was carcinoid tumor of the sigmoid, 
metastatic to the presacral lymph nodes. During the subsequent 3 months he improved, 
but then he began noticing the return of the low back pain which radiated into the anterior 
aspect of the left thigh. The pain occurred several times a day, was aggravated by walk- 
ing, but was never accompanied by any paresthesia. Bowel movements were regular and 
without evidence of blood. There were no genitourinary symptoms. The patient was 
given 5 high voltage roentgen therapy treatments over the sacral and pelvic areas and 
one month later he received 100 mg. of testosterone propionate every day for 1 week and 
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every other day for another 3 to 4 weeks. The pain seemed to recede somewhat and he 
felt generally much improved. The pain then gradually returned and he was admitted 
to Memorial Hospital in December, 1948, for possible further treatment. 

Physical Examination.—The patient was well developed, of apparent stated age, and 
complained of severe pain in the left thigh. The physical examination was essentially 
negative except for the following findings: In walking there was a slight limp favoring 
the left leg. Flexion of the thigh on the trunk was limited to 120 degrees. There was 
marked flattening of the lumbar spine. Straight leg-raising was limited to about 55 de- 
grees on the left and to about 60 degrees on the right. There was no limitation of motion 
about the hips. Superficial and deep reflexes were normal and equal. There were no 
sensory changes to pinprick in the lower extremities or in the saddle areas. The im- 
pression was that the pain on the left corresponded to a distribution of the dermatome of 
the second lumbar vertebra. The abdomen was negative except for the presence of a well- 
healed lower midline abdominal scar. 

The patient’s blood count, urinalysis, and blood chemical analyses (including calcium, 
chlorides, acid and alkaline phosphatases, phosphorus, protein, and blood urea nitrogen) 
were negative. Roentgenograms of the lumbar spine and pelvis were negative for metas- 
tases. 

Course.—The patient obtained relief for his excruciating pain only by the administra- 
tion of morphine sulfate, 4% gr., at 3 to 4 hour intervals. Because of persistent severity 
of pain it was deemed advisable to explore the abdomen for the possibility of either re- 
moving the tumor or blocking the nerve roots which were involved. 

Operation.—On Oct. 19, 1948, with induction by sodium pentothal and under nitrous 
oxide and ether, an exploratory laparotomy was performed through a low midline incision, 
and, upon investigation of the presacral area, a large infiltrating tumor was found which 
measured roughly about 18 by 15 em. The tumor began retroperitoneally at about the 
level of the second lumbar vertebra, and extended inferiorly to include the bifurcation 
of the common iliae arteries and veins. It extended into the presacral area and into the 
region of the left sacral plexus. The bowel anastomosis was identified and found to be 
in good anatomic condition. The liver was free of metastases. The condition was deemed 
unresectable and a piece of tissue from the prevertebral area in the lumbar region was 
taken for biopsy. 

In removing the tissue, the abdominal aorta inadvertently was entered about 4 em. 
proximal to the bifurcation of the common iliac arteries. There was an immediate vigorous 
hemorrhage of about 1,000 ¢.c. of blood. Several attempts were made to clamp the source of 
the bleeding, which was deep within tumor tissue, but this was unsuccessful. With pressure 
maintained on the bleeding point, it was possible to identify the source of the bleeding 
as being the proximal portion of the abdominal aorta, and on further investigation the 
aorta was found to be completely transected at the level previously described. Its distal 
lumen could be seen lying in a bed of tumor tissue although it did not seem to be invaded 
or narrowed by the tumor. It was necessary to dissect the abdominal aorta proximal to 
the transection for 2 inches in order to clamp the vessel more securely and to obtain a 
section of the vessel adequate for ligature. Two ligatures of No. 2 chromic catgut were 
then placed about 14% cm. apart. The distal aortic opening was not ligated and an oxy- 
cellulose sponge was used to tamponade the opened segment (from which very little bleed- 
ing had occurred up to this time). The blood pressure fell for a 15 minute period from 
120/80 to 100/80 but returned rapidly after the patient had received a total of 3,600 c.c. 
of blood under pressure. The feet of the patient were observed to have turned bluish- 
white; the pulsations of the dorsalis pedis arteries were absent; the veins in the sub- 
cutaneous areas appeared collapsed, but slow capillary return after blanching by pressure 
The procedure was terminated 4% hour later and the 


of the discolored areas persisted. 
patient was in good general condition. 

Po.toperative Course-—When the patient was returned to his room the legs and thighs 
were wrapped in cotton and he was given papaverine .06 Gm. every 3 hours for 4 doses, 
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This was not begun until 3 hours after the ligation of the aorta had taken place. When 
the patient had reacted completely from the anesthesia, he complained of bilateral numb- 
ness from the mid-thighs distally; there was complete paralysis of both legs. No dorsalis 
pedis pulsations were detectable and the bluish-white discoloration persisted for at least 
3 to 4 hours. 

The next morning, although the paralysis and numbness remained and no arterial 
pulsations were felt, the toes, feet, and legs appeared pink and warm. Sensation to pin- 
prick was undiminished down to the level of the knees. There were confused paresthesias 
and some vague sensation in the lateral and medial portions of the right leg. The left leg 
and the second to fifth toes were still cool but appeared pink. The left big toe appeared 
slightly cyanotic at this time. The capillary bed in the feet still showed slow filling. 

On the third postoperative day oscillometric readings were performed and no puisa- 
tions were obtainable distal to the upper one-third of the thigh. All oscillometric readings 
of the right wrist were 35 units at 140 mm. of mercury. Skin teniperature readings are 
given in Table I. Room temperature was 25.8° C. 











TABLE I 
LEFT | RIGHT 
(DEGREES | (DEGREES 
CENTIGRADE) | CENTIGRADE) 
Great toe 26.8 26.1 
Medial thigh 33.4 33.4 
Medial calf 32.0 32.1 
Groin 34.4 34.4 
Thumb 33.4 33.4 
Chest wall 36.6 





On the fifth and sixth postoperative days the patient was generally well and had 
begun to eat. The legs and feet were still pulseless and the motor function below the 
knees was limited to dorsiflexion of the right foot to 15 degrees. The color and warmth of the 
feet and toes were normal. Over the sacral and buttock areas there was a painful, butter- 
fly-shaped, ‘‘abrasion’’ (Fig. 1.) measuring 25 by 28 em., the etiology of which was not 
clear; it might have been secondary to a friction burn from the removal of the draw sheet, 
a chemical burn subsequent to the puddling of tincture of Zephiran during preparation of 
the patient for operation, or malnutrition of the superficial skin segments as a result of 
the ligation of the abdominal aorta. 

During the remainder of his hospital stay the patient had gradually returning motion 
of the lower extremities, more noticeable on the right than on the left, with tactile and 
pain sensation advancing on the lateral sides of both legs as far as the external malleolus. 
The sensation on the medial surfaces of the legs and feet remained absent. Proprioceptive 
sense of the legs and thighs returned more slowly than did superficial sensation, and that 
of the toes and the feet was still absent at his discharge on the thirty-second postoperative 
day. At no time was there incontinence of urine or feces. 

Postoperatively the patient showed a low grade fever between 99.8° and 101° F. 
until his thirteenth postoperative day, when the temperature was normal. The pulse rarely 
rose above 90. The blood pressure remained exactly the same throughout this period; 
that is, 120/80 in both upper arms. The urine showed 60 to 80 red blood cells per high- 
power field with a trace of albumin on the day after operation. The leucocyte count rose 
to 26,000 on the eighth postoperative day. The ulcer on the patient’s back remained super- 
ficially excoriated although definite signs of epithelization were noted several days before 
his discharge. During the last week of the hospital stay the pain noted preoperatively 
gradually returned to the left thigh, and pain was also noted in the calf of the right leg 
as the sensation advanced in that area. 

The patient was visited at home on Jan. 5, 1949, 3 months postoperatively, and was 
found to have much less pain in the thighs, but he was still unable to walk. Sensation had 
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advanced distally and moderate mobility was noticed in the feet and toes, more marked 
on the right side. The ulcerated area on the back had practically healed. 

In his fourth postoperative month the patient was up and about in a wheel chair and 
his spirits were much improved. The weight, appetite, and stools remained normal but 
occasional postprandial abdominal cramps were noted. He received physiotherapy which 
included encouragement of exercise, walking, and general peripheral massage. In a few 
weeks the patient was standing and walking by himself, although he claimed that the 
pain on motion of the thighs was increased by this activity. Sensation continued to im- 
prove and he was able to move the toes more vigorously on the right than on the left. 
Some ‘‘welts’’ in the coceygeal area were noted at this time. He still had postprandial 
cramps and 4 to 5 bowel movements per day because of ineffectual expulsion of feces, but 
no true diarrhea. There was no blood in the stool. 
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Fig. 1.—Appearance of superficial sacral uicerations 13 days after ligation of the aorta. 


On April 5, 1949, 6 months after ligation of the abdominal aorta, the patient suddenly 
became oligurie and developed marked lymphedema of both lower extremities. He was 
admitted to Montifiore Hospital, of New York, where it was noticed that he had dilated 
venules and ‘‘capillaries’’ in the sacral area. Blood pressure on admission was 190/110. 
Blood studies revealed a blood urea nitrogen of 35 mg. per 100 ¢.c. and carbon dioxide 
combining power of 34.3 per cent. Retrograde catheterization was blocked on the left, 
5 em. from the ureteral orifice. The right ureter was patent and urine was passed for 
3 days after catheterization. The patient then became anuric and died on April 10, 1949. 

Necropsy*.—The salient features were as follows: The heart weighed 300 Gm. The 
pulmonic ring was 7 cm., the aortic ring 6 cm., the mitral ring 9 em., and tricuspid ring 
12 em. The left ventricular wall was 10 to 12 mm. in thickness and the right ventricular 


wall was 2 to 3 mm. in thickness. 


; *Necropsy was performed by Dr. A. Kantrowitz, under the direction of Dr. H. M. 
Zimmerman, of the Montefiore Hospital, New York, ZT; 
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Beginning 5 em. below the origin of the renal arteries on the abdominal aorta, peri- 
aortic nodes were found fused into a large mass of tumor, completely surrounding the 
aorta and extending into the pelvis and around the rectum (Fig. 2). The retroperitoneal 
portion of the mass in this area measured 15 em. in length, 8 em. in width, and 6 em. in 
depth. It encased the lower portion of the abdominal aorta, its bifurcation, the iliac 
arteries, and the rectum. Eight centimeters distal to the renal arteries the aorta began 
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Fig. 2.—Autopsy specimen showing constricted aorta (arrow) and the tumor mass about the 
common iliac vessels and ureters. (Courtesy of Montefiore Hospital, New York, N. Y.) 









to constrict and was completely occluded 2 em. below this. There was no continuity with 






the iliac vessels. There was a small, 1.5 em., firm thrombus in the lumen of the non- 





occluded aorta proximal to the block. Distally, both iliaes coursed through the tumor 





and were occluded by well-organized thrombi. The superior and inferior vena cavae were 





not abnormal. Although not specifically dissected, the abdomen showed no gross evidence 






of inereased collateral circulation. 
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The rectosigmoid was enveloped in tumor and the end-to-end anastomosis was well 
healed. The left kidney was hydronephrotie and the left ureter was involved in the tumor. 
The right ureter was slightly dilated but patent. 

The microscopic findings were as fcllews: The neoplastic growth was composed of 
densely packed, medium polyhedral cells with moderately pale, homogenous, basophilic 
eytoplasm and medium oval, hyperchromatic nuclei with nucleoli and moderate numbers 
of typical mitotic figures. The stroma consisted of abundant, dense, fibrous, cellular con- 
nective tissue in broad bands, There were several areas of necrosis and hemorrhage 








throughout. 
Fig. 3.—Photomicrograph of the aorta at the point of occlusion (ligature), showing oe 
surrounded by infolded arterial wall. (Courtesy of Montefiore Hospital, New York, N. Y.) 


The cross section of the aorta showed a well-organized thrombus filling its lumen at 
the point of constriction (Fig. 3). Areas of tumor were noted in the surrounding tissue. 
The longitudinal section showed a well-organized thrombus running from the apex of the 
occlusion of the aorta. Areas of tumor and round-cell infiltration were present in the 
adventitia surrounding the point of obstruction, The right kidney exhibited pyelitis and 
the left kidney showed atrophy of the parenchymatous elements with distention and en- 
gorgement of all vessels. Groups of neoplastic cells were noticed near its pelvis. Tumor 
invaded the outer musculature of the left ureter. 

In the brain there were multiple small areas of encephalomalacia, petechial hemor- 
rhages, and occasional paling of the gray matter. The blood vessels were minimally 


sclerotic. 
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DISCUSSION 


The survival of the patient and the absence of gangrene of the extremities 
after aortic ligation might be attributed to several factors. Undoubtedly an 
important consideration was the possibility that progressive encroachment of 
the tumor upon the aorta and the common iliae arteries had encouraged the 
development of collateral circulation about an obstructed area. However, at 
the time of operation the aorta did not appear appreciably constricted. It would 
seem that adequate arterial anastomotic channels existed in this patient to permit 
sudden occlusion of the aorta and survival of the lower extremities. The rela- 
tively young age of the patient and the condition of the arterial tree were ad- 
ditional factors favoring life and survival of limbs. As the aorta was transected 
and later at autopsy, little degenerative atheromatous change could be found in 
the vessel wall. Transection and ligation of the aorta also may have resulted 
eventually in vasodilatation of all arteries distal to the point of ligation. 

The role of the vasodilator, papaverine, was of equivocal importance. The 
delay in its administration for 3 hours after ligation should have permitted 
irreversible changes due to prolonged tissue anoxia. 

Although the patient’s blood pressure remained normal for several weeks 
after operation, in the last few days of life there was a relatively hypertensive 
state. It is believed that the progressive rena] changes secondary to increasing 
ureteral obstruction by tumor were an important factor in this rather than 
inereased peripheral vascular resistance. No cardiac enlargement or decom- 
pensation was noted at any time and the heart was of normal size at autopsy. 

Many and varied materials have been used for aortie ligation in continuity 
to reduce the flow through aneurysms. In most instances erosion of the aortic 
wall occurred after an interval varying from hours to days. In this patient, 
two No. 2 chromie catgut ligatures were placed 114 em. apart on the proximal 
segment of the aorta with only an oxyeellulose foam sponge used on the distal 
segment. Undoubtedly the tumor tissue had some sealing effect on the vessel ; 
nevertheless, it seems unlikely that this effect was present with sufficient strength 
and rapidity (a slow-growing tumor) to have reinforced the ligature line before 
the critical period of suture dissolution had occurred. The fact has been noted 
before, by Holman,‘ that ligation and transection, rather than ligation in con- 
tinuity of the aorta, present no fixed point of constriction at which erosion 
could oceur; with the vessel tied and sectioned, each pulsation produces a length- 
ening and cireumferential widening of the vessel wall, distributing the intra- 
arterial pressure more equally. 

The etiology of the sacral ulceration remains conjectural. However, its 
indolence suggests circulatory dysfunction as the underlying cause. In this ease 
the superficiality of the ulceration may be explained on the basis of a moderately 
good collateral circulation. Although Hamann’s patient died of hemorrhage 
from an ulcer in this same area many months after partial ligation of the aorta, 
Hamann believed the hemorrhage to be due to direct invasion at this point by 
tumor. 
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The progress of the return of sensation and motion in the lower extremities 
parallels that of the case of Bigger,’ in which partial occlusion of the aorta 
occurred. In both instances, sensory return progressed along the medial surfaces 
of the thighs at first with proprioceptive senses returning before those of pain 
and touch. In each instance, pain was noticed along with the advancing line 
of sensation. Deep refiexes remained absent for months following the ligation 
of the aorta. The oscillometric readings in Bigger’s case, although reduced, 
were not obliterated and reflected the return of the pulsations of a large vessel. 
The repeatedly absent oscillometric readings in this case are of interest in con- 
trast to the relatively normal skin temperatures obtained on the third post- 
operative day. This fact is evidence that in this patient the arterial pattern 
distal to the point of ligature was such that collateral channels were already 
present prior to ligation. 

Function of the muscle groups lagged behind the return of sensation by 
several weeks and was fully returned only after 6 months. Claudication upon 
mild exercise persis.-d until the patient’s death. 


SUMMARY 


A ease history is presented in which there was sudden interruption and 
ligation of the lower abdominal aorta without fatality. The important dis- 
turbances observed were paralysis of both lower extremities and sensory changes; 
extensive but superficial ulcerations over the sacral region and buttocks also 
developed. The patient suceumbed 6 months later because of oliguria; he also 
had carcinomatosis. In view of the fact that the disturbanees immediately 
following interruption of the aorta were gradually becoming ameliorated, it is 
inferred that if the patient had not had extensive malignant disease he would 
have survived indefinitely following ligation of the lower abdominal aorta and 
would have recovered from these disturbances. 
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URRENTLY used methods for ligating major arteries are not without risk. 

These dangers are postoperative hemorrhage due to slipping of ligatures, 
erosion of the vessel wall by some constricting material, secondary hemorrhage 
due to infection, or the development of aneurysmal dilatation proximal or distal 
to the site of occlusion. In addition, many techniques are complicated and 
require special armamentaria. 

Perhaps the most successful, and certainly the most prevalent, technique 
for arterial ligation at this time is that used for small and medium-sized vessels 
and in certain instances for major arteries. This consists of division and ligation 
of the vessel between simple ligatures, suture ligatures, or a combination of the 
two. Practical experience and years of trial have proved this method to be 
adequate for both arteries and veins of mcderate size. Reid’s' concept of using 
a ligature proportionate in size to the diameter of the artery, that is, the larger 
the artery the larger the ligature, is still in vogue today. However, when 
applied to an artery the caliber of the subclavian, iliac, or aorta, the dangers 
just enumerated are still present, and the margin of safety is not as great as 
one would desire. It was our feeling that a much better method exists, but is 
not generally utilized, which provided the stimulus for the experimental study 






















to be described. 

Much of the experimental work done previously deals with attempts to 
devise a suitable method for occluding the aorta. Many ingenious objects and 
instruments have been invented with this purpose in mind. Halsted® * did much 
of the pioneer work in this field, making use of an aluminum band to constrict 
the aorta. Other experimental methods include the use of funnel-shaped rubber 
cuffs, plication of the aortic wall with silk sutures,’ plugs of fascia which were 
introduced into the lumen of the aorta and held in place with silk sutures,’ coiled 
springs which were screwed into the lumen,® and clamps with metallic prongs 
to project into the lumen.’ It was hoped that the 2 latter objects would serve 
as the nidus about which a clot could form and thus obliterate the artery. A 
method commonly employed in recent years has been to ligate the aorta in con- 
tinuity by means of heavy cotton tapes. This technique is favored by Matas.* 
Strips of fascia have also been used for this purpose.* One of the more recently 
advocated methods has been the use of loosely placed ligatures of sclerosing 
Polythene.’® The irritating nature of this material serves to produce a gradual, 
progressive occlusion. This feature is certainly to be desired in any elective 
‘ase of aortic ligation. However, fatalities due to aortic rupture have been 
encountered in experimental animals when this procedure was used.’ 
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Various other difficulties were encountered with these many techniques. 
Halsted? found that the application of a constricting aluminum band to the 
aorta produced a pressure atrophy with resultant thinning of the vessel wall. 
Many of the other procedures were lacking in desirable simplicity. Difficulty 
was experienced in introducing plugs of fascia and steel springs into the aortic 
lumen. Also, there was atrophy of the vessel wall adjacent to and below the 
occluding plug of fascia. Those instruments used in the hope of promoting 
clot formation often failed to do so or allowed a central channel to remain patent. 
It has keen shown that strips of fascia tend to be absorbed and allow the patency 
of the vessel to be re-established.” ™ 

In safely ligating the aorta factors other than the technique alone must be 
considered. The need for an adequate collateral circulation to the lower ex- 
tremities, once the aorta has been interrupted, must be kept constantly in mind. 
However, it was not the purpose of our work to devise a method for assuring an 
adequate collateral circulation, but rather to concern ourselves with the actual 
technique of carrying out the ligation of any major artery. The mechanical 
difficulties and failures involved in ligating the aorta can be applied in some 
degree to any large artery. Aortic ligation would seem to represent the maxi- 
mum hazard for technical failure. 

One of us (H. 8S.) has felt for some time that the method of choice for 
interrupting the continuity of any major vessel is to employ a continuous suture 
of silk on an atraumatice needle to close both ends of the severed artery. This 
technique would certainly eliminate the danger of slipping ligatures and also 
would have the advantage of being simple to perform. LEncecireling foreign 
materials are subject to erosion of the vessel wall by the lateral pulsation of 
the pressure pulse. A method avoiding such pressure erosion would theoretically 
be much safer. Instead of a large constricting ligature, a suture of small caliber 
at the end would seem to avoid this difficulty. In addition, this leaves less 
foreign body and should tend to minimize the chance of secondary infection. 

The method is as follows: A long enough segment of the artery is dissected 
free to permit the application of some type of nonerushing arterial clamps 
between which the vessel can then be severed. In our experimental work a pair 
of Gross aortic clamps has served admirably for this purpose. Once the artery 
has been divided, the ends are then sutured with 00000 silk on an atraumatiec 
needle utilizing a through-and-through, over-and-over, continuous stitch across 
the open end and back again to create a so-called ‘‘baseball’’ stitch (Fig. 1). 

Modifications of this technique have been used before by others for specific 
types of arterial surgery. (Gross'* reported the use of a continuous suture to 
close the ends of a divided patent ductus arteriosus. In operations for correction 
of coarctation of the aorta utilizing a subelavian-aortic anastomosis, Blalock and 
Park'® reeommended closing the aortic end with a layer of mattress sutures 
reinforced by a continuous suture over the cut end. A technique similar to that 
of Gross was later used by Linton" for the popiiteal artery. In order to evaluate 
this method under the actual conditions to which such a suture line would be 
subjected, a series of experiments was carried out on dogs. 
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EXPERIMENTAL PROCEDURE 


Mongrel dogs, varying in weight from 6.5 kg. to 20 ke., were subjected to 
aortie division at a point just superior to the trifureation. Intravenous sodium 
Nembutal anesthesia was used for all experiments. The aorta was approached 
through the transperitoneal route, and a segment sufficiently long to permit the 
application of the arterial clamps was freed, ligating such branches as were 
necessary between the origin of the inferior mesenteric artery and the trifurea- 
tion. It was not realized during the initial phase of this work that the cireum- 
flex iliae artery of the dog arises from the aorta, usually below the inferior 
mesenteric branech.’> Since this is an important channel for collateral circulation 
to the hind legs, accidental ligation of this artery may have contributed to the 
incidence of gangrene, which was high in the early portion of this series. 





Fig. 1.—Diagrammatic illustration of the type of suture employed. 


After exposing and freeing the aorta, the clamps were applied and the 
vessel transected. The proximal and distal ends were then closed by the tech- 
nique described previously. The parietal peritoneum was closed and the ab- 
dominal incision repaired with 000 silk. 

EXPERIMENTAL RESULTS 

Twenty dogs were operated upon in this manner with a mortality rate of 
50 per cent. Five of the deaths in the immediate postoperative period were 
due to paralysis and gangrene of the hind legs. All of these animals died within 
a period of 4 days, with evidence of circulatory insufficiency appearing in a few 
hours. The legs became cold, swollen, and markedly cyanotic. Secondary infec- 
tion developed in several of these dogs and seemed to be caused by a gas-forming 
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organism. Two of the dogs died of aspiration pneumonia, 2 from distemper, 
and 1 from massive gastrointestinal hemorrhage, most likely a manifestation 
of epidemic infectious hepatitis. None of the dogs died from hemorrhage or 
other local complications at the operative site. 

Of the 10 dogs surviving the operation, 9 were sacrificed at varying intervals 
or the site of ligation was observed during the course of subsequent operations 
in conjunction with other experiments. The remaining dog is living and well 
4 months after operation. Since the dogs which died in the immediate post- 
operative period were all examined, observations of both short and long 
duration are on record. 

In all cases the suture lines were intact and holding well. <A fatality due 
to aortic rupture was not encountered. In the long-term observations healing 
was well advanced in all instances. The ends of the aorta were covered with 
peritoneum and sear tissue. At times it was difficult to identify the suture line 
without first dissecting this tissue away or actually opening the vessel. Despite 
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Fig. 2.—Photomicrograph of a longitudinal section through an aorta closed with the suture 
technique 6 months previously (X16). 


the presence of the scar tissue, the ends were free to expand and pulsate in all 
directions without being impinged upon. In no ease was there any evidence 
of beginning disruption of the suture line, erosion of the vessel wall, clot for- 
mation in the blind ends of the artery, aneurysmal dilatation of the vessel, or 
infection. Fig. 2 is a microscopic section taken through the end of an aorta 
closed with this suture technique and demonstrates the manner in which healing 


oceurred. 
SUMMARY 


A brief review of some of the methods used for ligating arteries in the 
past and at present has been presented. Some of the disadvantages associated 
with these methods have been discussed. A safer technique for ligating large 
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arteries is needed when the occasion for such a procedure arises. To fulfill this 
need we suggest the use of a ‘‘baseball’’ stiteh of fine silk to close the ends of 
any major artery. <A series of experiments carried out on the aorta of dogs 
to test this view is presented. The experimental results based on both gross 
and microscopic observations support this opinion. 


CONCLUSION 


We believe the safest method for ligating any major artery is to divide the 
vessei between arterial clamps and suture the ends closed with atraumatie 00000 
silk. This appears to eliminate, as far as is possible, the danger of hemorrhage 
from ligature failure or erosion. 
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CARCINOMA OF THE PANCREAS 


DIAGNOSTIC AND OPERATIVE CRITERIA BASED ON ONE HUNDRED 
CONSECUTIVE AUTOPSIES 


STANLEY MIKAL, M.D., AND ALEXANDER J. A. CAMPBELL, M.D., Boston, Mass. 


(From the Department of Surgery, Tufts College Medical School, and the First Surgical 
Service of the Boston City Hospital) 


INTRODUCTION 


NE hundred cases of carcinoma of the pancreas and 8 eases of carcinoma 

of the papilla of Vater conseentively autopsied at the Boston City Hos- 
pital were reviewed and analyzed. 

Sixty-seven pancreatic carcinomas were located in the head, 19 in the 
body, and 14 in the tail. Sixty-eight of the patients were males and 32 fe- 
males. The ages ranged from 34 to 104 years. More than 90 per cent of the 
pancreatic carcinomas occurred in patients after the fifth decade of life. All 
the carcinomas of the papilla of Vater occurred in patients after the fifth 
decade of life, and 6 were in males, 2 in females. 


PANCREATIC PATHOLOGY 


The average diameter of caput carcinomas of the pancreas was 5.7 em., of 
carcinomas of the body, 7.3 em., and of the tail, 6.9 em. Vaterian carcinomas 
were approximately 1 em. in diameter. The majority of pancreatic carcinomas 
were duct-cell adenocarcinomas. Parenchymatous or acinar adenocarcinomas 
were rare. Squamous-cell carcinomas (2), colloid carcinomas (4), and papil- 
lary cystadenoecarcinomas (2) also oceurred. Squamous-cell carcinomas re- 
sulted from ductal metaplasia. Carcinomas of the papilla of Vater were ail 
adenocarcinomas. 

Many surgeons and pathologists differ in their views as to the occurrence 
of pancreatitis and carcinoma in the same patient. Some maintain that pan- 
creatitis with fat necrosis is never found in conjunction with carcinoma of 
the pancreas, while others contest this point of view. In this series of pan- 
creatic carcinomas, gross pancreatitis with fat necrosis was present in 25 per 
cent of the patients. Fat necrosis appeared to be confined chiefly to the pan- 
creatic parenchyma. Microscopie evidence of pancreatitis was noted in 49 per 
cent, and interstitial fibrosis in 84 per cent of the patients. Intrapancreatic 
lithiasis was found in 2 patients. Of the patients with carcinoma of the 


papilla of Vater, pancreatitis without fat necrosis was present in 5 and pan-) 


creatic fibrosis in 33. 

Pancreatie cysts, usually thought to be sequelae of acute or chronic pan- 
creatitis, were found in 15 per cent of the patients with pancreatic carcinoma. 
Stones comprised part of the contents of 1 cyst. These panecreatie cysts were 
usually small and multiple, but some measured up to 12 em. in diameter. The 
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larger pancreatic cysts or pseudocysts (5 cases) usually were located in the 
lesser omental cavity. None of the Vaterian carcinomas were associated with 





pancreatic cysts. 
PATHOLOGY OF THE EXTRAHEPATIC BILIARY SYSTEM 


Courvoisier’s law states that the gall bladder is dilated in patients with 
‘areinoma of the head of the pancreas, and contracted in the presence of 
common duet stones. In this series, 74.6 per cent of the patients with car- 
cinoma of the head of the pancreas and 17.9 per cent of those with carcinoma 
of the body and tail had dilated gall bladders. The causes of dilatation of the 
gall bladder in the presence of carcinomas of the body and tail of the pan- 
creas were as follows: (1) stone in the cystic duct; (2) carcinomatous in- 
volvement of the common bile duct; (3) carcinomatous invasion of the june- 
tion of the cystic and common hepatic ducts; and (4) metastatic nodal com- 
pression of the common bile duct. 





Fig. 1.—Drawing of the head of the pancreas showing a carcinoma causing choledochal dila- 
tation and distention of the gall bladder (Courvoisier’s law). 


A chronically thickened and inflamed gall biadder was found in 42 per i 
cent of the patients, and 20 per cent of the gall bladders contained stones. 
Hence, since cholecystitis of a chronic nature was present in a little less than 
14, of the patients, the advisability of performing a cholecystojejunostomy is 
questioned in carrying out a radical pancreaticoduodenectomy as a 1 or 2 stage 
procedure. The gall bladder was dilated in 6 patients with Vaterian ear- 
cinoma, inflamed in 4, and harbored choleliths in 2. 

/ The common bile duet was found to be dilated in 86.6 per cent of the 
patients with carcinoma of the head of the pancreas and in 14.8 per cent of the 
patients with carcinoma of the body and tail of the pancreas. This latter 
finding was due to carcinomatous invasion of the common bile duct or meta- 
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static nodal compression of the common duct. The average diameter of the 
common bile duct in the patients with carcinoma of the head of the pancreas 
was 2.4 em. Complete obstruction of the common bile duet was noted only in 
15 per cent of the patients with pancreatic carcinoma and in 2 patients with 
Vaterian carcinoma. Common duct stones were present in 5 per cent of the 
patients with carcinoma of the pancreas. Dilatation of the common bile duct 
was found to be a more accurate indicator of an existing pancreatic carcinoma 
than a dilated gall bladder. 
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Fig. 2.—Mechanisms of gall bladder distention associated with carcinomas of the body 
and tail of the pancreas; 1, stone in cystic duct; 2, carcinomatous involvement of common 
bile duct; 3, carcinomatous invasion of cystic duct; and 4, metastatic nodal compression of 
the common bile duct. 


LIVER PATHOLOGY 


Hepatomegaly and biliary cirrhosis were found in % of the patients with 
carcinoma. The average weight of the liver in patients with carcinoma of the 
head of the pancreas was 2,016 Gm., of the body, 1,869 Gm., of the tail, 2,157 
Gm., and of the papilla of Vater, 2,320 Gm. Biliary cirrhosis was present more 
often in association with carcinomas of the head of the pancreas (74 per cent), 
than with carcinomas of the body and tail (51.5 per cent), and was present in. 
6 of the patients with Vaterian carcinoma. ‘i 

Cholangitis was usually associated with carcinomas of the head of the 
panereas (53.7 per cent) or carcinomas of the papilla of Vater (15.7 per cent), 
and only oceasionally with carcinomas of the body and tail of the pancreas 
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(15.7 per cent). It often followed or was accentuated by palliative opera- 
tions such as cholecystogastrostomy, cholecystoduodenostomy, or cholecysto- 
jejunostomy. Intrahepatic abscesses of various sizes were frequently found 




















to be associated with carcinomas of the head of the pancreas (29.8 per cent), ; 
and less often with carcinomas of the body and tail of the pancreas (9.1 per d 
cent). They were usually the sequelae of a suppurative cholangitis. Intra- i 
hepatie lithiasis was noted in 1 patient. No intrahepatic abscesses were noted 
in patients with carcinoma of the papilla of Vater. 
/' Hepatie metastases occurred in akout 34 of the patients with carcinoma 
of the pancreas. The metastasis was usually diffuse and did not select any 
1 lobe of the liver. No predilection of carcinomas of the kody and tail of the 
pancreas metastasizing to the left lobe of the liver was noted. Two of the 
(8 patients with carcinoma of the papilla of Vater had hepatic metastases. 
: 
intrahepatic 
gall bladder ithiasts 
Stones 1% 2 
20% 





Common duct 
Stones 
5% 


pan ereatic 
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Fig. 3.—Location and incidence of stones associated with pancreatic 


carcinoma. 


JAUNDICE, ASCITES, AND DIABETES MELLITUS 


Jaundice was present in 88 per cent of the patients with carcinoma of 
the head of the pancreas, 27 per cent of the patients with carcinoma of the 
body and tail, and in 7 out of 8 of those with Vaterian carcinoma. 

Intra-abdominal ascites was found more often in conjunction with ear- 
cinomas of the body and tail of the pancreas (67.7 per cent) than with ear- 
cinomas of the head of the pancreas (56.7 per cent). Although ascites ap- 
peared to be related to peritoneal metastasis rather than biliary cirrhosis, 
it was present in some patients without peritoneal metastasis. Ascites was 
present in 2 of the patients with carcinoma of the papilla of Vater. 
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Diabetes mellitus was an associated finding in 13 per cent of the patients 
with carcinoma of the pancreas (6 carcinomas of the head and 7 of the body 
and tail). This figure of 13 per cent is higher than that reported by other 
authors. One in 10 patients with pancreatie carcinoma should be suspected of 
having diabetes mellitus. No patients with carcinoma of the papilla of Vater 
were found to have diabetes mellitus. 


PHLEBOTHROMBOSIS AND THROMBOPHLEBITIS 


“  Thrombophlebitis was observed in 28 per cent of the patients with car- 
cinoma of the pancreas. It was present in 18 per cent of the patients with 
carcinoma of the head of the pancreas and 48.5 per cent of those with ear- 
cinoma of the body and of the tail. No thrombophlebitis was noted in the pa- 
tients with Vaterian carcinoma. Thus, thrombophlebitis occurred 3 times more 
commonly in association with carcinomas of the body and tail of the pancreas 
than it did with carcinomas of the head of the pancreas. Thrombophlebitis ‘\ 
associated with carcinoma of the head of the pancreas was most frequently 
found in the leg veins, but instances were noted in the portal vein (2), vena 
cava (1), and superior mesenteric vein. Thrombophlebitis associated with ear- 

: cinoma of the body and tail of the pancreas was most commonly found in the 
leg veins (8) and splenic veins (6). Other venous channels involved were ) 
portal vein (4) and superior mesenteric vein (2). 


GENERAL PATHOLOGY 


Carcinoma of the head of the pancreas metastasized, in order of fre- 
queney, to the extrahepatic biliary duets, liver, regional lymph nodes, duo- 
denum, lungs, peritoneum, mesentery, stomach, adrenal glands, portal vein, 
small bowel, colon, diaphragm, and peribronchial lymph nodes. It was in- = 
teresting to note that local invasion of the common bile duet and duodenum 
occurred with the same frequency as did liver and lymph node metastasis. Dis- 
tant metastases to the liver and lungs were common findings. Curiously, cer- 
vical lymph node metastasis, which simulated a Virchow’s node, was found in 
3 patients with pancreatic head carcinoma. Metastases to inguinal nodes, 
umbilicus, and heart were also noted. Carcinoma ot the head of the pancreas 
usually did rot involve the splenic vein but often invaded the portal vein, 
vena cava, ad superior mesenteric vein. Several instances of diffuse peri- 
toneal carcinomatosis without liver involvement and a few of distant lung 
metastases without liver or regional nodal involvement were found. 

Carcinomas of the body and tail of the pancreas metastasized in order 
of frequency to the liver, regional lymph nodes, lungs, peritoneum, colon, 
diaphragm, omentum, jejunum, pleura, ileum, stomach, spleen, adrenal glands, 
extrahepatic biliary ducts, and duodenum. Thus, carcinomas of the body and 
tail metastasized early to the liver, regional nodes and lungs, and seldom in- 
volved the extrahepatic duets and duodenum except by extrinsic pressure on 
these structures by metastatic nodes. Diffuse peritoneal carcinomatosis with- 
out hepatic metastasis was also noted in a few patients with carcinoma of the 
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body and tail of the pancreas. No instances of pulmonary metastasis without 
liver or nodal metastasis were noted in patients with carcinoma of the body 
and tail of the pancreas. 

Carcinomas of the papilla of Vater usually grew locally and metastasized 
late. They metastasized to the duodenum, extrahepatic biliary ducts, regional 
lymph nodes, and liver, in order of frequency. In one patient with carcinoma 
of the papilla of Vater, metastases to regional nodes and to the pancreas were 
‘noted without metastases elsewhere. 

Gastroduodenal ulcerations from tumor invasion which simulated a bleed- 
ing peptic uleer occurred in 20 per cent of the patients with carcinoma of the 
pancreas. Sixteen of the carcinomas of the head of the pancreas, 1 of the 
body, and 1 of the tail were associated with malignant ulceration of the du- 
odenum. Two carcinomas of the body of the pancreas invaded the stomach 
and produced malignant gastric uleers. Three carcinomas of the papilla of 
Vater were associated with malignant ulceration of the duodenal mucosa. 
Of the patients w*'h duodenal ulceration, massive hemorrhage occurred in 3. 
Spotty, intermittent, and periodie bleeding occurred in the remaining patients. 
Carcinoma of the pancreas or papilla of Vater should be ineluded in the dif- 
ferential diagnosis of massive upper gastrointestinal hemorrhage. 

Of the 108 carcinomas of the pancreas and the papilla of Vater analyzed 
in this series, 13 of the patients with pancreatic carcinoma and 4 of those with 
eareinoma of the papilla of Vater were found to have no metastatic lesions; 
these were considered as curable. Five patients with pancreatic carcinoma 
and 2 with eareinoma of the papilla of Vater had regional nodal metastasis 
or local invasion of the common bile ducts and duodenum without distant 
metastases; these were considered as probable operable cases. 


SUMMARY 


1. One hundred eases of carcinoma of the pancreas and 8 eases of ear- 
cinoma of the papilla of Vater consecutively autopsied at the Boston City 
Hospital were reviewed. Two-thirds of the pancreatic carcinomas occurred 
in the head of the pancreas and 1% in the body and tail of the pancreas. 

"2. Carcinoma of the pancreas predominantly affected males in a ratio of 
2:1, and usually became manifest after the fifth decade of life. 

- 3. Panereatitis was present in 49 per cent of the patients with carcinoma 
of the pancreas, intrapancreatic fat necrosis was present in 23 per cent, and 
panereatie cysts in 15 per cent. Pancreatic fibrosis was noted in 84 per cent 
of the patients with pancreatic carcinoma, and in approximately 1% of the 
patients with carcinoma of the papilla of Vater. 

4. Dilatation of the common bile duct was a more accurate indicator of 
Courvoisier’s law than a dilated gall bladder. Cholecystitis was present in 42 
per cent of the patients with carcinoma of the pancreas. Stones were found in 
20 per cent of the gall bladders and in 5 per cent of the common duets. The 
advisability of using the gall bladder for anastomosis in radical resections 


of the pancreas is questioned. 
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5. Hepatomegaly, biliary cirrhosis, cholangitis, intrahepatic abscesses, and 
hepatic metastasis were common findings. 

6. Jaundice was present in 88 per cent of the patients with carcinoma of 
the head of the pancreas, 27 per cent of the patients with carcinoma of the 
body and tail, and 87 per cent of those with carcinoma of the papilla of Vater. 

7. Thrombophlebitis occurred in 18 per cent of the patients with ecar- 
cinoma of the head of the pancreas and 48.5 per cent of those with carcinoma 
of the body and tail. 

8. Diabetes mellitus was an associated finding in 13 per cent of the patients 
with pancreatic carcinoma. 

9. Malignant ulcers in the duodenum or stomach which simulated a be- 
nign bleeding peptic ulcer occurred in 20 per cent of the patients in the pan- 
creatic carcinoma and 37.5 per cent of those with Vaterian carcinoma. 

10. Eighteen of the patients with pancreatic carcinoma and 6 of those 
with carcinoma of the papilla of Vater were considered operable at autopsy. 


Acknowledgment.—The authors wish to express their gratitude to the members of the 
Mallory Institute of Pathology for their kind cooperation and helpful criticism. 








POTASSIUM AND WOUND HEALING 


CHARLES W. FINDLAy, JR., M.D., AND Epwarp L. Howes, M.D.,* 
New York, N. Y. 


LTHOUGH the electrolyte metabolism of surgical patients has aroused 
considerable interest recently and much information has been obtained 
about some systemic electrolytic patterns, there has been little investigation of 
wound healing in the presence of potassium-depleted tissues. It is the object 
of this investigation, therefore, to study the effect of tissue depletion of potas- 
sium on the healing of the wound. To do this, rats were fed on low and aver- 
age potassium diets and their wounds tested for strength during healing. The 
changes in the concentration of tissue potassium obtained on each diet were 
evaluated by testing the sodium and potassium contents of muscle at a distance 
from the wound. 
METHOD 


Sherman rats weighing approximately 300 grams were used. The control 
and low-potassium diets chosen were those proposed by Darrow and asso- 
ciates.’. The two diets had approximately the same nitrogen content, but the 
potassium differential was 12 mM per 100 Gr. Adult rats fed the low-potas- 
sium diet for three weeks preoperatively and for limited postoperative periods 
did not develop eardiae and renal lesions that might alter the healing proe- 
esses. 

After the rats were twenty-one days on the diets, a midline abdominal in- 
cision, 5 em. in length, was made under ether anesthesia. It was deepened to 
the linea alba, but the fascia was not incised. The incision was closed with 
interrupted sutures of No. 30 steel wire. In some animals the peritoneal cavity 

yas entered through a musele-splitting rectus incision and then the wound 
was closed in layers with the same material. 

Postoperatively, the rats were continued on their respective diets. Food 
and water were given ad lib. They were weighed before dieting, at operation, 
and when they were killed. 

From the second to the tenth day postoperatively, the rats were given 
lethal doses of ether. The steel sutures were removed and each skin wound 
was divided into 1 em. segments by scratch marks. The total wound was then 
excised with an adequate amount of skin on each side. Finally strips of the 
wound and the adjacent skin were cut according to the scratch marks. At 
least four strips were obtained from each wound; three were used for tension 
studies while one was saved for microscopic analysis. Portions of the thigh 
and gluteal muscles were excised for the chemical analysis. They were placed 
in airtight containers and kept in a deep-freeze unit until the electrolytic 
determinations were done. 


This work was financed in part by a grant from the United States Army, Medical Re- 
search and Development Board, Office of the Surgeon General. 
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Frequent testing of excised wounds has shown that when the underlying 
fascia is partially removed with the subeutaneous tissue, the tensile strength 
of the skin wound is noticeably increased. Therefore, the skin wound was 
carefully separated from the subjacent fascia with fine-pointed scissors. 
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Fig. 1.—Mean tensile strength of abdominal wounds in rats fed average and low-potassium diets. 


The ends of each strip were placed in clamps. One elamp was stationary, 
while a light container was attached to the other by a thread. The container 
was suspended a short distance from the top of a table and mereury was fed 
into it at a slow but constant rate until the wound was pulled apart. When 
the wound divided, the container suddenly dropped to the table. By this 
method the tensile strength of each strip was measured in grams. The 
strengths of all the strips taken from each wound were totaled and divided by 
the number of segments to give the average tensile strength of the wound per 


centimeter. 
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The muscle specimens were allowed to defrost at room temperature in the 
airtight containers. The analytical procedures employed to determine the 
amount of potassium and sodium have been described by Mudge and Vislocky.*® 
Duplicate specimens of approximately 2 Gm. were taken, and after mincing, 
they were accurately weighed. After drying and extracting the fat with 
ethyl ether, dry and fat-free dry weights were taken. The tissue was then 
digested with concentrated nitric acid, and, following proper dilution, sodium 
and potassium contents of the specimens were determined by use of the flame 
photometer. According to Darrow’ the values obtained are essentially those 


of intraeellular coneentrations. 
RESULTS 


The animals gained weight on either diet. At the end of three weeks the 
average potassium content of muscle for the rats fed the control diet was 49.4 
mM per 100 grams of fat-free solids, while the content was 43.6 mM for rats 
fed the low-potassium diet (Table I). The difference is statistically significant. 
The sodium content of muscle in these animals was consistently higher in those 
fed the low-potassium diet (13 mM) as compared to those fed the control diet 


(9.9mM) (Table I). 


MUSCLE CONTENT PER 100 GRAMS OF FAT-FREE SOLIDS IN LOW-POTASSIUM AND 


TABLE I. 
CONTROL-FED RATS 








7 CONTROL DIET LOW-POTASSIUM DIET 



































DAYS ON DAYS POST- NA | K | NA K 
DIET OPERATIVE (mM) (mM) | (mM) (mM) 
na aa Preoperative Ts mint 
21 8.15 49.1 12.7 $4.1 
21 9.9 51.0 | 13.5 41.5 
21 10.3 48.0 12.8 15.2 
Average 9.94 49.4 | 13.0 13.6 
+9 #13 +.56 +1.5 
’ pe uy Postoperative eis: : - 
22 1 50.3 | 
23 2 48.4 46.75 
24 3 54.2 $2.9 
25 4 15.3 
26 5 46.0 
27 6 12.6 45.8 16.3 39 
27 6 __16.4 - $1.7 
Average 16.35 10.35 
+.05 +1.4 
28 7 46.4 $4.5 
29 8 48.1 44.3 
30 9 
31 10 47.0 45.9 
32 11 50.1 
Postoperative Scere 7 
(Rats Given Clyses of KCl)* 
al 6 11.9 46.9 
27 6 12.4 12.8 
27 6 8.2 47.5 
| Average 10.8 15.7 
+2.1 +1.8 
*Clyses of KCl were given on Ist, 2nd. 3rd, 5th postoperative days. The total dose of 


potassium to each animal was 4 mM. per kilogram. (See text.) 
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After the wounds were made, all animals invariably lost weight during 
the postoperative period (Table II). Muscle specimens taken from the de- 
pleted rats after surgery had consistently lower potassium contents as com- 
pared to those obtained from the control rats on the same postoperative day 
(Table 1). 

The tensile strengths of the wounds of the animals on each diet is shown 
in Table III. The curves tend to parallel each other, and at no time are they 
significantly different on the same day (Fig. 1). On the fifth day, however, 
the values suggest that the rate of healing of the wounds of the control rats 
was accelerated slightly over the rate exhibited by the wounds of the low- 
potassium rats. 

Four low-potassium rats, given elyses of KCl postoperatively, showed 
muscle concentrations of sodium and potassium similar to those of the control 
animals on the sixth postoperative day (Table I). Yet the tensile strengths 
of the wounds of the treated animals did not differ significantly from those of 
low-potassium rats without parenteral therapy (Table III). 

Microscopically, no consistent difference was noted in the progress of 
wound healing of any group. 

DISCUSSION 

The wounding of an animal, whether anesthetized or not, alters its gen- 
eral metabolism to a measurable extent. All of our rats, for example, showed 
weight deficits up to the tenth postoperative day and others have found this 
weight loss difficult to check.® '” '* 2% Wounding implies the destruction of 
cells, both locally and throughout the body.® With the dissolution of cell mem- 
branes, potassium, which constitutes primarily the mineral base of cells,'* is 
released into the interstitial fluids and the circulation, and is exereted in the 
urine. The excretion values are highest on the third and fourth days in rats 
and on the sixth day in man.® Potassium loss is greater following fractures 
than following simple incisions of muscle and skin. 

If the values of nitrogen and potassium excreted after wounding are ad- 
justed to their ratio in the tissues, the potassium loss may be in excess of nitro- 
gen loss.2)* > 17 In the fasting human being Reiferstein and co-workers!’ 
believed that this disecrepaney could be corrected when the loss of nitrogen 
plus the wet glycogen were determined. Cuthbertson and associates® thought 

that the increased potassium loss over that of nitrogen was due to the in- 
creased cell permeability related to the healing process. 

While potassium is mobilized and excreted after wounding, its concentra- 
tion also is increased loeally at the site of injury. Andreesen and Tammann! 
noted that the tissue fluid adjacent to an aseptic wound had higher potassium 
and lower sodium contents than in the serum of the same animal. Menkin’® 
found the potassium level in exudate almost twice as great as the serum level. 
Cuthbertson and associates® believed that the generalized increased catabolism 
with high potassium excretion occurs to meet the exigencies of recuperative 
processes. They were at a loss, however, to explain the expenditure in excess 


of the apparent need. Tarail and Elkinton*® felt that levels of serum potas- 
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sium may not necessarily reflect the state of depletion or repletion of cellular 
potassium. For example, Elkinton and Winkler® noted little rise in the serum 
potassium of dehydrated dogs with obstructed ureters, even though potassium 
was obviously released from the cells. 

Our data reflect the idea that some potassium is retained and redistributed 
in the wounded host. In Table I, the lowest values of muscle potassium in the 
control rats were found on the fifth to the seventh postoperative days and 
thereafter the concentrations rose to the preoperative level. The same trend 
also occurred in the rats fed the low-potassium diet, although the values were 
generally lower. Compensation was made after the sixth postoperative day, 
in spite of limited potassium intake following operation. The redistribution 
of potassium undoubtedly explains why dietary depletion did not affect the 
rate of healing, because adequate potassium probably was mobilized to the in- 
jured area. 

As to the mechanism of redistribution, Boyle and Conway,‘ studying strips 
of musele in Ringer’s solution, observed a considerable selective increase of 
intracellular potassium when the concentration of the bathing solution was in- 
creased. They believed that potassium must accumulate automatically with 
the natural growth of the cell and that no special mechanism was required 
apart from the cell membrane with its characteristic permeability. 

Simms”? eultured adult iibroblasts in a solution containing one part of 
serum ultrafiltrate and ten parts of a physiologic solution (X6).?' | By altering 
the composition of X6, the concentration of potassium could be varied from 0.6 
mM to 12.75 mM. Optimal growth of fibroblasts occurred when potassium was 
between 1.5 mM to 10.0 mM. Thus the concentration of potassium can be 
varied, in vitro at least, over a wide range without affecting the growth of 
adult fibroblasts. The observations of Simms bring into question whether or 
not a reduction of serum potassium per se could have a detrimental effect on 
fibroplasia. 

The muscles of the rats fed the low-potassium diet showed a significant in- 
crease of intracellular sodium with decrease of muscle potassium. A similar 
shift has been observed also by Heppel, under the same conditions.’* Sub- 
stitution of sodium for potassium in muscle has also been observed in alkalosis 
and acidosis by Mudge and Vislocky’® and in dehydration by Elkinton and 
Winkler. In this experiment the parenteral administration of potassium to 
depleted rats after operation changed the muscle potassium and sodium to- 
ward the observed levels of the control postoperative rat (Table I). 

With all this evidence on potassium redistribution and the eapacity of 
fibroblasts to grow over a wide range of potassium concentration, it is not sur- 
prising that there was little difference in the healing rates of the wounds in 
rats fed average and low-potassium diets. Although the difference was not 
significant, the wounds of the depleted rats on the fifth postoperative day had 
lower strengths than the controls. Maximal differences in tensile strengths 


were also noted on this day by Kobak and co-workers'* and Harvey and 
Howes'! when they altered diets of experimental animals. Five-day old 
wounds, therefore, seem to be the most sensitive to dietary manipulations. 
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In conclusion, it appears that, following injury, the potassium-depleted 
animal eventually redistributes endogenous potassium to maintain the potas- 
sium content of muscle, and that healing processes are not altered. Cor- 
respondingly, clinical potassium deficiencies, unless they accompany some other 
change in an auxiliary metabolite that affects healing, should not affect the 
acquisition of tensile strength by the healing wound. 
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RE-FORMATION OF ADHESIONS FOLLOWING SURGICAL LYSIS 
STUDIES ON THE DoG 


C. A. Scuirr, M.D., 8. L. Gotpsperc, M.D., AND H. NECHELEs, M.D., P.i.D., 
CuicaGco, ILL. 


WITH THE ASSISTANCE OF Mr. LAMAR WALKER 


(From the Department of Gastro-Intestinal Research of the Medical Research Institute, and 
the Department of Surgery, Michael Reese Hospital) 


HE problem of the re-formation of adhesions following their surgical lysis 

is often a great one. Numerous patients have been repeatedly subjected to 
operations for lysis of adhesions, only to present themselves with another episode 
of intestinal obstruction due to re-formation of the adhesions. Duff,' on the 
basis of post-mortem examinations, stated that peritoneal adhesions occurred in 
90 per cent of all cases with a previous abdominal operation. Thirty to forty 
per cent of all cases of intestinal obstruction has been found to be due to post- 
operative peritoneal adhesions.2 In most cases, intra-abdominal adhesions seem 
to cause no symptoms. However, in an appreciable number of cases symptoms 
ean be produced by intestinal obstruction, persistent pain due to traction on 
various organs, and visceral dysfunction due to distortion or displacemeni of 
an organ. 

The lack of complete understanding of the fundamental processes of healing 
has slowed our progress in the understanding of the formation of adhesions.* 
There is a great variation among individuals in their propensity for forming 
adhesions. This may be the result of hereditary, nutritional, or circulatory 
differences, but there are probably many unknown factors. 

We have demonstrated previously‘ that gastrointestinal motility is an im- 
portant factor in the formation of abdominal adhesions. After developing a 
standardized method for producing adhesions in dogs, we were able to show 
that there was a 71 per cent reduction in the number of adhesions produced 
postoperatively in a group of dogs in which gastrointestinal motility was 
stimulated, as compared to a similar group in which gastrointestinal motility 
was depressed. 

PROCEDURE 

Intra-abdominal adhesions were produced in dogs by the method described 
previously, using taleum powder.‘ Six weeks later, the adhesions were separated, 
and the animals were then divided into 2 groups. In 1 group, an effort was 
made to stimulate peristaltic activity of the bowel by means of early feeding 
and the repeated administration of Prostigmine hypodermically. In the other 
group, an attempt was made to depress peristaltic activity by means of starvation 
and the repeated administration of atropine hypodermieally. 


EXPERIMENTAL WORK 


Experiments were performed upon 11 mongrel male and female dogs weigh- 
ing 7 to 12 pounds, which had been starved for 18 hours. The animals were 
Supported by the Otto Baer Fund. The Department is in part supported by the Michael 
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anesthetized with intravenous sodium pentobarbital. Under aseptic conditions, 
the abdomen was opened by means of a right rectus incision. After the ab- 
dominal cavity was explored for pre-existing adhesions, the entire small bowel 
was exteriorized and placed on a moist towel. Then 0.25 Gm. of dry sterile 
taleum powder was evenly distributed by means of a salt shaker on one side of 
the serosal surface of the small bowel, segment by segment. The bowel was 
then carefully replaced into the peritoneal cavity in such a manner as to prevent 
taleum powder from being rubbed off onto the drapes or the edges of the incision. 
The abdominal wall was closed in layers. 

Six weeks later, laparotomy was again performed on each of the dogs under 
aseptic conditions. Under intravenous sodium pentobarbital anesthesia, the 
abdomen was opened by means of a left rectus incision. All adhesions were 
severed by sharp and blunt dissection. At this time, a careful count was made 
























































I. 2. 
FORMATION of ADHESIONS REFORMATION of ADHESIONS 
No. of % Adhesions 
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Chart 1. hast 2. 


of the number of adhesions of the small bowel in each dog. The density and 
ease of separation of these adhesions were estimated and graded as 1 to 4 plus. 
Adhesions up to 2 em. wide were counted as one, 2 to 4 em. wide as two, 4 to 6 
em. wide as three, and so on. The abdominal wall was closed in layers. 

The dogs were then divided into 2 groups in such a manner that the average 
number of adhesions in each group was approximately equal. 

Group A.—The dogs were encouraged to eat and drink early after the 
operation. Most animals ate within 8 to 12 hours. After the operation, each 
dog received a subcutaneous injection of 0.5 mg. of Prostigmine Methylsulfate 
and subsequent injections of 0.25 mg. of this drug every 4 hours for 48 hours. 
These amounts of Prostigmine were tolerated well. 

Group B.—The dogs were not given food or water by mouth for 48 hours. 
During this period they received subcutaneous injections of 5 per cent glucose 
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in saline solution twice daily. After the operation, each dog received a sub- 
cutaneous injection of 0.5 mg. of atropine sulfate, and subsequent injections of 
0.5 mg. of this drug every + hours for 48 hours. These amounts of atropine 
were tolerated well. 

The animals from both groups were active shortly after the anesthesia had 
worn off; that is, they had early ambulation. All animals were allowed a normal 
diet and activity with no medication after the first 48 hour period. 

Six weeks after the second operation all dogs were sacrificed and autopsies 
were performed. The density and number of the re-formed adhesions were 
noted, using the method described previously, and photographs were taken. 

The results of the experiments are summarized in Table I and Chart 2. 
Representative photographs are shown in Figs, 1 to 4. For comparison, the 
results of our previous experiments on the formation of adhesions are tabulated 
in Chart 1. 


TABLE I. RESULTS OF EXPERIMENTS ON PREVENTION OF RE-FORMATION OF ADHESIONS 








NUMBER GF ADHESIONS DENSITY OF ADHESIONS 





























DOG. NO. SECOND OPERATION | AUTOPSY SECOND OPERATION | AUTOPSY 
Group A. Food and Prostigmine After Second Operation 
1 72 25 H+ ++ to +44 
2 42 15 +++ to +4+4++ ++ 
3 65 19 ++ + to 
4 19 0 + 0 
5 27 5) ++ + 
6 28 19 ++ ++ 
Total 253 83 
Average 42 14 ++ to +++ + to ++ 
Group B. Starvation and Atropine After Second Operation 
7 43 25 +++ to ++++ ++ to +++ 
8 40 17 +++ + to ++ 
9 49 76 ++ to +4++ +++ 
10 70 45 44+ +4 to +4+++ 
11 29 49 ++ to +4 ++ 
Total 231 212 
Average 46 42 4+ ++ to +++ 





As ean be seen, the dogs had been divided into 2 groups, which were com- 
parable as to number and density of adhesions produced originally by the 
taleum powder. In Group A, there was an average of 42 adhesions of 2 to 3 
plus density. After severing the adhesions, gastrointestinal motility was 
stimulated. An average of only 14 adhesions per dog was found at autopsy, 
a re-formation rate of 33 per cent. In Group B, there was an average of 46 
adhesions of 3 plus density in response to taleum powder. After severing these 
adhesions, gastrointestinal motility was depressed. An average of 42 adhesions 
was found at autopsy, a re-formation rate of 92 per cent. Thus, there was a 
59 per cent greater rate of re-formation of adhesions in the group in which 
peristaltic activity had been depressed. 


DISCUSSION 


As shown in a previous paper,‘ stimulation of gastrointestinal motility is 
important in decreasing the formation of abdominal adhesions. The experi- 
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mental work presented in this paper demonstrates that gastrointestinal motility 
is also of importance in preventing the re-formation of adhesions following 
their severance. 

This method can be applied to clinical cases. Following laparotomies in 
which adhesions have been severed, the gastrointestinal tract may be stimulated 
in the immediate postoperative period, and thus the number and density of 
adhesions re-formed may be reduced. If a loop of bowel remains quiescent 
following lysis of adhesions, the fibrinous exudate which forms on the surface 
of the bowel may cause it to adhere to another viscus or the parietal peritoneum. 
This fibrinous adhesion may later become a fibrous one.’ Each loop of bowel 
must be allowed to develop its own mesodermal covering apart from that of 
another viseus. In order to achieve this desired result, stimulation of bowel 
motility must be begun early in the postoperative period. The type of case 
most ideally suited for this postoperative regime is the one in which numerous 
adhesions have been severed and no bowel resection was necessary. 

It must be emphasized that it may be undesirable to stimulate the bowel 
immediately following gastrointestinal anastomoses. 


SUMMARY 


1. We have shown previously that there is a significant reduction in the 
formation of adhesions following stimulation of gastrointestinal motility. 

2. Intra-abdominal adhesions were produced in dogs by distributing taleum 
powder on the surface of the small bowel. 

3. Surgical lysis of these adhesions was performed 6 weeks later. The re- 
formation rate of adhesions was then studied in 2 comparable groups of dogs, 
1 group in which peristaltic activity was stimulated, and 1 in which peristaltic 
activity was depressed. 

4. The re-formation rate was 92 per cent in the group in which peristaltic 
activity was depressed by starvation and atropine. 

5. The re-formation rate was 33 per cent in the group in whieh peristaltic 
activity was stimulated by early feeding and Prostigmine. 

6. There was a 59 per cent reduction in the re-formation rate in the group 
of dogs in which peristaltic activity had been stimulated. 

7. Early feeding supplemented by hypodermie injections of Prostigmine is 
a valuable aid in the prevention of the re-formation of abdominal adhesions 
following their surgical lysis. 
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CHOLECYSTITIS AND CHOLELITHIASIS IN YOUNG WOMEN 
FOLLOWING PREGNANCY 


WALTER H. Gerwic, JR., M.D., AaNp J. RICHARD THISTLETHWAITE, M.D., 
WASHINGTON, D. C. 


(From the Department of Surgery, George Washington University) 


HE purpose of this paper is to emphasize the frequency of biliary tract 

disease in young women developing during or subsequent to pregnancy. 
Experiences during a period of six months (July 1948 to January 1949) with a 
group of young women under 30 years of age who developed symptoms of gall 
bladder disease during or following a pregnancy prompted this report. 

The classical description, ‘‘fair, fat, forty, and four pregnancies,’’ as the 
constitutional type for biliary tract disease is generally accepted. Draper’ has 
made an extensive study of constitutional types in relation to various diseases, 
and described the body type of individuals more prone to develop gall bladder 
disease as being obese and stocky, with thick torso and wide costal angle. 
Clinicians have observed the association of this type habitus with gallstones for 
vears. The age incidence has been observed to be highest in the fourth and fifth 
decades of life, and the sex incidence to be predominantly in females. Parous 
females are more commonly affected than nulliparous. Grube and Graff? found 
that in 940 cases the ratio of female to male was 4.6:1. Of the women showing 
cholelithiasis, only 7 per cent were nulliparous. The incidence of biliary tract 
disease in women over 30 years of age is high. By both clinical and postmortem 
studies it has been variously estimated between 10 and 20 per cent.* * 

The cases to be presented do not fit the classical description as to age or 
hody configuration. They were al! younger than the expected age for biliary 
tract disease, and were all slender or of normal stature. This clinical picture is 
not new but its frequency has been inadequately emphasized. Whipple,’ Glenn,° 
and others have called attention to the high incidence of gallstones in young 
women soon after childbirth. Whipple has described the frequent finding of a 
single cholesterol stone in this age group. Glenn stated that acute cholecystitis 
is common in the early decades of life, particularly in women, and occurs during 
or following the first pregnancy. 

The reason biliary caleuli are frequently found in parous women, and 
occur in young females as this paper emphasizes, is understandable if the 
pathogenesis of such stones is considered. A discussion of the relationship of 
cholesterol metabolism to cholelithiasis will aid in better understanding. Aschoff 
and Baemeister’s’ classification of biliary ealeuli according to composition is 
generally accepted. The following types are found: (1) radial cholesterol 
ealeuli, which are light in color, and occur singularly; (2) layered cholesterol 
ealeium ealeuli, which are white or sulfur-yellow in color and may be solitary 
or multiple; (3) cholesterol-pigment calcium calculi, which are the most common 
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type and vary in color, number, size, and shape; (4) combination ealeuli, which 
are radial cholesterol caleuli with a laminated cholesterol-caleium covering, and 
which usually oceur singularly ; (5) bilirubin-caleium ecaleuli, which are usually 
found in the ducts and are soft and crush easily ; (6) rare forms, such as caleium 
carbonate calculi. Thus, it is observed that practically all types of gallstones 
contain cholesterol. These authors also divide gallstones into two pathogenic 
groups: noninflammatory (metabolic) and inflammatory. Group 1 is a 
metabolic type caleulus, while the other groups are considered inflammatory. 
The pure radial cholesterol metabolic caleulus is the type frequently seen in 
young women. 

The factors generally accepted to be active in the pathogenesis of biliary 
ealeuli are: (1) disturbed cholesterol metabolism, (2) infection, (3) bile stasis 
or obstruction in the extrahepatic biliary system, and (4) alteration in the 
amounts and proportions of the salts of the bile acids. 

The disturbed cholesterol metabolism’s role in biliary caleuli is evidenced 
by the finding that conditions which elevate the blood cholesterol level often 
will be associated with gallstones. In pregnancy, lactation, menopause, con- 
valescence from typhoid, diabetes, obesity, hypothyroidism, and arteriosclerosis, 
the blood cholesterol is increased. In all of these conditions, gallstones have 
been recognized to occur more often. Hermann and Neumann’ first demon- 
strated hypercholesterolemia in pregnancy, in which blood levels may be in- 
creased 300 to 400 per cent. Since cholesterol! is excreted by the liver cells into 
the bile and is concentrated by the action of the gall bladder mucosa, elevated 
blood levels of cholesterol will produce an excessively high concentration of 
cholesterol in the gall bladder so that it may become erystallized. In pregnaney, 
where the blood cholesterol level is high, pure crystals may form in the gall 
bladder and produce a radial cholesterol type caleulus. This is the common type 
stone found in the young primigravida that Whipple has described. The ele- 
vated cholesterol levels in pregnancy may lead to the other types of biliary 
‘aleuli if infection, bile stasis, or both are also present. 

Combinations of infection, bile stasis, and altered bile salts are also con- 
sidered to be the responsible factors in the production of cholecystitis, with or 
without caleuli. Womae and Bricher* have shown experimentally that obstrue- 
tion of the cystie duct and high concentration of bile will produce typical acute 
inflammatory changes in the gall bladder. On the basis of this study, they feel 
that infection from the standpoint of pathogenesis should be considered as a 
complication that results when contaminated tissue is injured. Perhaps this 
mechanism in the production of cholecystitis explains why cultures of operative 
specimens are often found to be sterile. Complete cystic duct obstruction was 
found in 70 per cent of our group of eases, so acute cholecystitis can be 
anticipated to occur frequently. Glenn has called attention to this finding. 

In the light of this discussion of the pathogenesis of gallstones, biliary 
ealeuli can be expected to occur in young parous females. Our cases, though a 
small series, perhaps indicate the frequency of cholelithiasis in this group, or 
at least indicate that this syndrome is common enough to be watched for. There 
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Number 


is also some indication that cases which come to surgery in later life often 
give evidence by history that the disease process started years before, in the 
age group being discussed. 

In a 6 months’ period we operated upon 10 women under 30 years of age 
for biliary tract disease. In all cases symptoms began during or following a 
pregnancy. The frequency of the findings of episodes of right upper quadrant 
pain in young women following a pregnancy appears to us to be consistent 
enough always to merit investigation for cholelithiasis (see Table I). 

Symptoms of biliary tract disease began during or following the first 
pregnancy in 6 cases, after the second in 3 eases, and after the sixth in 1 ease. 
It is interesting that the body configuration of these patients was not that of 
the conventional type associated with biliary tract disease. In all instances, 
the patient was slender or of normal build, in contrast to the obesity so fre- 
quently seen in patients with gallstones. 

The symptomatology in this series of cases was not unusual. All patients 
presented the expected symptoms of biliary tract disease. The chief complaint 
in all instances was pain. It was localized in the gall bladder area and 
epigastrium, and occasionally radiated to the right scapular region. Six of the 
patients experienced typical severe biliary colic, requiring narcotics for relief, 
at the time of admission. The other patients complained of colie attacks some- 


TABLE I. 








| DURATION OF BODY RELATION OF SYMPTOMS 
SEX SYMPTOMS TYPE PREGNANCIES TO PREGNANCIES 
Began during pregnancy ; 
numerous attacks after 
delivery 
days Normal l Aborted 3 months prior 
to onset 
8 months Normal 1 Began during pregnancy ; 
| numerous attacks after 
delivery 
Normal 6 Began during last preg- 
nancy; numerous at- 
tacks after delivery 
month Thin 2 Began during last preg- 
nancy; present attack 
2 years following de- 
livery 
Began following delivery ; 
numerous attacks since 
Began immediately post- 
partum; attacks since 
8 27 F 6 weeks Normal 2 Began during immediate 
postpartum state; 3 
attacks 
22 F 4 months Normal 1 Began during pregnancy ; 
Repeated attacks after 
delivery 


10 24 F 4 months Thin 2 Began immediately post- 
partum 
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time during their illness. Indigestion, belching, and fatty food intolerance 
occurred in about equal frequency, being a definite symptom in two-thirds of 
the cases. Only 1 patient experienced chills and fever. None of the patients 
gave a history of icterus or clay-colored stools. The duration of symptoms prior 
to admission varied from 3 days to 3 years. 

The usual history obtained was the onset of upper abdominal pain and 
discomfort during the last trimester of pregnancy, which the patient accepted 
as being caused by the fetus. About 6 weeks to 2 months following delivery 
the attacks of pain would recur, usually becoming more severe until the patient 
sought medical attention. Some of these patients were seen at least once 
during such an episode prior to admission. The age and immediate post-partum 
state was often misleading as to the cause of their complaints, and until we 
became aware of the frequency of the syndrome being described, these patients 
were initially treated for spastic bowel disorders, acute gastritis, or as psycho- 
genie complainers. Narcotics or sedatives offered temporary relief. When they 
returned after a short period of time with the same complaints, diagnostic 
studies were performed and a correct diagnosis established. After the experi- 
ence with 2 or 3 cases in this manner we began to look initially for the possibility 
of cholelithiasis in young women with upper abdominal complaints. 

During this period we also became interested in the relationship of symp- 
toms of gallstones to previous pregnancies in older patients undergoing elective 
surgery for chronic cholecystitis and cholelithiasis. In several instances the 
patient would volunteer on questioning that symptoms began years before in 
association with a pregnancy. Some would describe silent periods without 
symptoms for years after the initial attack, while others stated attacks of pain 
had been continuous at frequent intervals since the initial episode. It is 
impossible on the basis of history alone to state that in these patients gall- 
stones occurred at a young age and have been present ever since, but it seems 
very likely in many instances. 

The following cases are presented to point out the type history and 
findings encountered. 

CaSE 1 (Case 5 in tables).—M. D., age 25, para ii-o-ii, had chief complaints of frequent 
attacks of severe right upper quadrant pain and vomiting for 3 weeks. 

Illness at Time of Admission.—Fifteen months before, during her last pregnancy, the 
patient experienced a typical attack of biliary colic. She also had frequent bouts of pain 


_ 


during the last trimester. The patient nursed her baby for 7 months. Three months before 
admission she developed definite fatty food intolerance, indigestion, and belching. During 
the 3 weeks preceding admission she had frequent attacks of biliary colic with severe right 
upper quadrant pain with radiation to the right scapula region. The attacks were accompained 
by profuse vomiting. There was no jaundice, chills, or fever. 

Physical Examination.—The patient was a normally developed 25-year-old white woman 
in acute distress because of abdominal pain which required a narcotic for relief. Tenderness 
was present along the right costal margin. The gall bladder was not palpable. Temperature 
was normal. 

Laboratory Findings.—White blood cell count was 11,200. The urine was normal, sugar 
85 mg. per 100 e.ec., and icterus index 4. 

Cholecystogram.—Gall bladder failed to be visualized with oral Priodax or with intra- 


venous sodium tetraiodophenolphthalein. 
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Operation.—The gall bladder wall was markedly thickened, whitish-gray in color, tense, 
but not markedly distended. A single stone was palpable in the cystic duct. The common duct 
appeared normal and was not explored. Convalescence was uneventful. 

Pathologic Report.—Subacute cholecystitis with single cholesterol stone produced cystic 
duct obstruction and ‘‘mucocele gall bladder.’’ 

Follow-up.—The patient was seen several times during a 6 months’ period following 
operation. There was no recurrence of indigestion or pain, and the patient stated she could 
eat anything she desired. 


This is a case of a solitary radial cholesterol stone producing ecystie duct 
obstruction. This case could be considered as an example of acute cholecystitis. 
Operation was performed as an elective procedure since acute symptoms had 
been present so long before admission, and the gall bladder was not palpable. 
This is an example similar to the type cases described by Whipple and Allen. 


CASE 2 (Case 1 in tables).—M. S., age 25, para i-o-i, had a chief complaint of 6 attacks 
of right upper quadrant pain during the past 2 months. 

Iliness at Time of Admission—Symptoms began 1 year before, during the first trimester 
of pregnancy, with mild attacks of epigastric pain. There were no further symptoms until 
after delivery, 3 months ago. During the 2 months previous to admission the patient had 6 
attacks of severe biliary type pain, followed by tenderness in the gall bledder region. The 
patient had been nursing her baby. There was no jaundice, chills, or fever. 

Physical Examination.—The patient was a tall, thin, 25-year-old white woman who was 
in no distress at the time of examination. The last attack of pain occurred 24 hours prior 
to admission. Tenderness was present in the right upper quadrant. The gall bladder was 
not palpable. Temperature was normal. 

Laboratory Findings.—White blood ce'l count was 9,100. The urine was normal, sugar 
90 mg. per 100 ¢.c., and iecterus index 5. Flat plate of abdomen demonstrated 2 calcified 
areas in the right upper quadrant. Lateral roentgenogram localized these anteriorly. 

Cholecystogram.—Gall bladder failed to outline with Priodax and intravenous sodium 
tetraiodophenolphthalein. 

Operation.—The gall bladder wall was thickened, pinkish in color, and not distended. 
Stones were palpable within the gall bladder lumen, and 1 fairly large stone was impacted 
at Hartmann’s pouch. The common duct appeared normal and was not explored. Con- 
valescence was uneventful. 

Pathologic Report.—Chroniz cholecystitis with layered cholesterol czleium ealeuli pro- 
duced cystic duct obstruction and ‘‘mucocele gall bladder.’’ 

Follow-up.—The patient was seen frequently for 8 months following the operation. 


There was no recurrence of pain. 


This case was an example of symptoms developing immediately following 
delivery, the acuteness being due to the eystic duct obstruction. Four of our 
cases occurred in the immediate post-partum state. It is interesting in this case 
that the ealeuli were visualized on the flat plate of the abdomen. 


CasE 3 (Case 4 in tables).—S. N., age 29, para vi-o-vi, had a chief complaint of right 
upper quadrant pain and vomiting for 2 days. 

Illness at Time of Admission.—Onset occurred 3 years ago during the last pregnancy 
when the patient experienced an attack of typical biliary colic. Repeated attacks of varying 
degrees of severity occurred since delivery, with bloating and belching between episodes. 
There was marked fatty food intolerance. The patient became accustomed to frequent bouts 
of pain, and learned to control their frequency by careful dietary measures. She developed 
i severe attack accompanied by profuse vomiting 2 days prior to admission. The episode 


subsided before entry to the hospital. 
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Physical Examination.—The patient was a normally developed 29-year-old white woman 
who was in no distress. Tenderness was present in the right upper quadrant and also at the 
tip of the right scapula. The gall bladder was not palpable. Temperature was normal, and 
there were no chills or jaundice. 

Laboratory Findings.—White blood cell count was 10,350. Urine was normal, Sugar 
80 mg. per 100 c¢.c., and icterus index 4. 

Cholecystogram.—Gall bladder failed to outline with Priodax or intravenous sodium 
tetraiodophenolphthalein. 

Operation.—The gall bladder wall was thickened and dull gray in color. Several stones 
were palpable within the lumen. The common duct appeared normal and was not explored. 
Convalescence was uneventful. 


The folluwing case is presented as an example of the type in which symp- 
toms developed early after a pregnancy, as in the other cases, but didn’t come to 
surgery until later years. The disease had been long standing and there was 
obviously some hepatic damage as evidenced by the enlarged liver. Operation 
during early life would have been more beneficial, although dramatic relief of 
symptoms was obtained by cholecystectomy after long-standing disease. 


M. H., age 54, para iv-o-iv, had a chief complaint of right upper quadrant pain and 
anorexia for 4 days. 

Illness at Time of Admission.—The patient’s illness began fourteen years before during 
her third pregnancy, when she first experienced episodes of right upper quadrant pain. Since 
that time, she had attacks of typical biliary colic at frequent intervals and also was troubled 
with excessive belching and bloating. She became accustomed to bouts of pain and learned to 
expect them after eating any spiced foods or large meals. Attempts to relieve pains by 
massage and application of a hot water bottle to the area were carried out. The patient 
sought admission to the hospital because the present attack had lasted 4 days, during which 
time she had been unable to eat anything. 

Physical Examination.—The patient was a normally developed, slightly stooped, 54-year- 
old white woman who was in moderate distress because of abdominal pain. Tenderness was 
present in the right upper quadrant. The liver edge could be felt to descend 3 fingerbreadths 
below the costal margin on inspiration. At its lower margin a small mass was palpable 
which was taken to be the gall bladder. The spine showed scoliosis and the hands showed 
hypertrophic arthritic changes. Temperature was normal. 

Laboratory Findings.—White biood cell count was 5,800. The urine was normal, sugar 
80 mg. per 100 ¢.c., and icterus index 3. Flat plate of the abdomen demonstrated an opaque 
gall bladder full of calcified stones. 

Cholecystogram.—There was no increase in density of the gall bladder shadow after 
injection of Priodax. 

Operation.—The gall bladder was enlarged, and its walls were thickened and indurated. 
Numerous stones were palpable within it and several were impacted in Hartmann’s pouch. 
The liver was smooth and slightly enlarged. The common duct appeared normal and was not 
explored. Convalescence was uneventful. 

Pathologic Report.—The pathologic report was chronic cholecystitis with multiple 
cholesterol-pigment calcium calculi and cystic duct obstruction. Calcium deposits were present 
in the gall bladder wall (early calcified gall bladder). 

Follow-up.—The patient was seen twice during the 5 months following operation. There 
was no recurrence of pain, and she stated she hed gradually increased her diet and could 
eat anything and in any amount. 


The type caleuli found in our series of 10 cases were as follows: pure radial 
cholesterol caleulus, 3 cases; layered cholesterol-calcium caiculi, 2 cases; and 
cholesterol-pigment-caleium caleuli, 5 cases (see Table II). The degree of 
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TABLE II. 
| CYSTIC OBSTRUC- 
CASE NON- TION WITH 
NUM- FUNCTIONING FUNCTIONING MUCOCELE OF TYPE DEGREE OF PATH- 
BER | AGE} GALL BLADDER | GALL BLADDER | GALL BLADDER CALCULI | OLOGIC CHANGE* 
i 25 xX xX L.C.C.t 3 plus (Fig.1) 
2 27 X C.P.C.t 2 plus (Fig.2) 
3 24 x L.C.C. 1 plus (Fig.3) 
4 299 x C.P.C. 3 plus (Fig.4) 
5 25 XxX X R.C.$ 4 plus (Fig.5) 
6 28 X C.P.C. 2 plus 
7 29 X Xx C.P.C. 2 plus (Fig.6) 
8 27 xX X R.C. 4 plus 
9 22 xX X R.C. 3 plus 
10 24 xX C.P.C. 2 plus 





*Scale of pathologic change: 

1 plus: Normal or near normal gall bladder wall. 

2 plus: Minimal fibrosis and round cell infiltration of gall bladder wall. 

plus: Moderate fibrosis and round cell infiltration, pseudoadenoma formation, choles- 

terol deposits, and so on. 

4 plus: Marked fibrosis and round cell infiltration, and so on. 

t+Layered cholesterol calcium. 

tCholesterol-pigment calcium. 

§Radial cholesterol. 


inflammatory change of the gall bladder wall varied from minimal change to 
that of marked thickening with fibrosis. Two cases showed changes compatible 
with the diagnosis of acute cholecystitis, and in 1 instance the clinical findings 
were indicative of that diagnosis. As has been pointed out, early operation was 
not performed in this case because symptoms had been present several days 
before admission to the hospital. There were 5 instances of complete cystic duct 
obstruction with ‘‘white bile,’’ mucocele of the gall bladder. Hydrops or 
empyema was not present in this series. Two cases had physiologic eystie duct 
obstruction as evidenced by nonfunctioning of the gall bladder as shown by 
cholecystogram. Operative findings were confirmatory in these cases. In 3 
cases there was a functioning gall bladder. In none of the cases was common 
duct obstruction present, and in no case was the common duct explored. 

These cases were followed from 4 to 11 months postoperatively. In all 
instances a good result was obtained, and in no case was there a recurrence of 
preoperative symptoms. The excellent results are explainable for 2 reasons: 
first, in all cases pain was the primary complaint and was definitely attributed 
to the biliary tract disease; second, the operations were performed in a rela- 
tively young age group in which there were no associated complicating factors. 

We feel that operation is indicated in young women when the diagnosis is 
established, rather than following a program of conservative management, by 
tiding over the attacks of colic, and allowing the patient to continue with gall- 
stones. It is often tempting to follow a conservative regime in this group of 
patients since the condition frequently develops during the immediate post- 
partum state. In older patients conservatism may be permissible in some 
instances, when silent gallstones are found in a patient with a serious complicat- 
ing condition. We do not believe that young women should be allowed to run 
the gauntlet of biliary tract disease complications. Acute cholecystitis is a fre- 
quent complication in this age group, and ean be anticipated since common duct 
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Fig. 1.—These illustrations were obtained from Case 1 (25-year-old white woman) 
(Tables I and II). A gall bladder series revealed absence of function. The flat plate demon- 
strated the presence of a nonradiable stone which was proved to be a large layered cholesterol- 
calcium type. The changes in the gall bladder wall were grade 3. (Figs. 1 to 6 courtesy of 
Clinicai Photo Section, Walter Reed General Hospital.) 
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Fig. 2.—These illustrations were obtained from Case 2 (27-year-old white woman) 
(Tables I and II). A gall bladder series revealed that function was present, but that some 
large nonopaque stones could be demonstrated. The fiat plate showed nothing. The stones 
were later proved to be cholesterol-pigment calcium. Thé changes in the gall bladder wall 
were grade 2. 
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Fig. 4.—These illustrations were obtained from Case 4 (29-year-old white woman) 
(Tables I and II). A gall bladder series revealed absence of function, and no stones could 
be seen on a flat plate. The photograph revealed that many cholesterol-pigment calcium 
stones were present, and the changes in the gall bladder wall were grade : 
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Fig. 5.—These illustrations were obtained from Case 5 (25-year-old white woman) 
(Tables I and II). Flat plate of the abdomen revealed nothing. Gall bladder series showed 
absence of function. Photographs of specimen revealed a solitary nonopaque cystic duct 
stone. This was shown to be of the radial cholesterol variety. The wall changes were grade 5. 
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Fig. 6.—These illustrations were obtained from Case 7 (29-year-old white woman) 
(Tables I and II). The roentgenogram is a flat plate only and not a gall bladder series. 
There were multiple small radiable cholesterol-pigment calcium stones, some of which were 
packed in the cystic duct. “Calcium milk’’ was present. The wall changes were grade 2. 
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obstruction is so commonly found. Acute cholecystitis must be treated as an 
emergency condition, and by recognizing gallstones early acute inflammatory 
changes can be avoided, since seldom is an acute attack the first warning of the 
disease. One of us’ previously reported perforation of the gall bladder to 
occur in about 10 per cent of cases with acute cholecystitis. It is desirable that 
this complicating condition be avoided. Early operation is therefore indicated 
whenever the diagnosis of cholelithiasis and cholecystitis is made in a young 
individual. 
SUMMARY AND CONCLUSIONS 


A small series of cases has been presented as a means of emphasis of the 
frequency of cholecystitis an¢. cholelithiasis in young parous women. A brief 
description of the etiology of gallstones has been given and the relationship of 
cholesterol metabolism has been stressed. From this discussion, it is concluded 
that cholelithiasis may occasionally be expected in young women soon after a 
pregnancy. Indication that biliary tract disease in older women probably com- 
menced in younger years has been given. We believe that cholelithiasis may 
often occur in young women and go unrecognized or untreated until later years 
when surgical intervention becomes imperative. Good operative results can be 
anticipated in the syndrome described because pain and colic are usually the 
most distressing symptoms. By early operation, long-standing inflammation is 
not allowed and consequently associated cholangitis and hepatic damage are not 
found. 
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ENDOMETRIOSIS OF THE LARGE AND SMALL INTESTINE 


BENTLEY P. Cotcock, M.D.,* anp TrmotHy A. LAMpPHIER, M.D.,+ Boston, Mass. 


NDOMETRIOSIS is one of the most common conditions affecting the fe- 
male pelvis. In this clinic it is encountered far more frequently than is 
pelvic inflammatory disease. This relative frequeney will probably be ac- 
centuated since the incidence of endometriosis in this country is increasing, 
whereas the incidence of pelvic inflammatory disease is decreasing. One of the 
most serious aspects of endometriosis is the involvement of the large or small 
bowel by the disease process with the eventual production of varying degrees 
of intestinal obstruction. Endometriosis of the intestinal tract most frequently 
involves the sigmoid colon, where it must be considered in the differential di- 
agnosis of carcinoma of the colon. 

At times this differential diagnosis may be particularly difficult. The 
clinical picture of intestinal obstruction may okscure the usual signs and symp- 
toms of endometriosis. Barium enema examination may reveal a picture 
typical of a carcinoma of the sigmoid (Fig. 1). Even at operation the lesion 
may closely simulate carcinoma. Cattell reported a patient in whom the only 
endometrial lesion present was the endometrioma which had produeed the con- 
strieting lesion of the sigmoid. Unless one realizes that endometriosis can 
produce a clinical picture closely simulating that of carcinoma of the sigmoid, 
some of these patients may be submitted to radical surgical procedures such 
as abdominoperineal resection for a benign lesion. When endometriosis affects 
the small bowel it usually involves the terminal ileum and less commonly the 
cecum. These patients present a picture of small bowel obstruction and the 
symptoms may simulate those of acute appendicitis. Macleod’s 2 patients 
were first thought to have appendicitis and 1 of our patients was operated 
upon with this clinical diagnosis. 

In 1937, Cattell reviewed a group of 104 patients with endometriosis and 
found 17, or 16.3 per cent, had involvement of the rectum, rectosigmoid, or 
sigmoid colon. Twelve of these patients presented varying degrees of ob- 
struction of the bowel, 2 having almost complete obstruction. 

We have reviewed an additional 307 patients with endometriosis seen at 
the clinic since this previous review. Of the 215 patients who were operated 
upon and the extent of the endometrial involvement accurately determined, 
39, or 18.3 per cent, were found to have endometriosis of the rectum, recto- 
sigmoid, sigmoid, and/or small intestine. Of this group of 39 patients, 14 pre- 
sented varying degrees of actual narrowing or obstruction of the bowel. Me- 
Guff and associates have reported 16 patients seen over a 26 year period who 
had evidence of intestinal obstruetion secondary to endometriosis. Macleod 
reported 6 patients with obstructing lesions of the sigmoid and rectum and 2 
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patients with obstruction of the terminal ileum secondary to endometriosis. 
Other eases of obstruction of the terminal ileum by endometriosis have been 
reported by Kahn, Wood, Sanders, and others. 

The endometrial processes in the bowel wall, like all endometrial im- 
plants, are subject to monthly estrogenic stimulus. They proliferate, set up a 
secondary fibrosis in the surrounding tissue, and this process of proliferation, 
menstruation, and secondary fibrosis may lead to distortion and varying de- 
grees of constriction of the bowel lumen. This process is frequently found in 
the cul-de-sac secondary to the frequent occurrence of endometrial implants 
in this region. It produces dense adhesions between the posterior surtace 





Fig. 1.—The sharp demarcation, loss of mucosal pattern, and marked narrowing of 
the lumen as shown on barium enema examinations in this patient with an endometrioma 
of the sigmoid are entirely compatible with the findings on barium enema examination ol 
a patient with adenocarcinoma of the sigmoid. 
of the cervix and the anterior surface of the ampulla of the rectum. However, 
because of the large diameter of the bowel at this point, it rarely results in 
obstructive symptoms. The rectosigmoid or the sigmoid may be involved 
and constriction produced by a direct extension of an endometrial process 
starting in the left ovary, or by a separate, distinct endometrioma. In this re- 
spect, it is of interest that in a review of 213 patients reported from this clinic 
the left ovary was involved with endometriosis in 89 patients as compared 
with 56 patients having endometriosis involving the right ovary. Although 
the disease process may involve all coats of the bowel wall, it rarely penetrates 
the mucosa (Fig. 2). This is an important diagnostic point in distinguishing 
this condition from malignant disease of the colon, 
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This report is based on 14 patients seen at the clinie during the past 10 
years who were found to have varying degrees of obstruction of the large or 
small bowel secondary to endometriosis. The youngest patient was 25 years 
of age and the oldest was 69; the average age was 39.5 years. It is of in- 
terest to note that endometriosis, when it affects the bowel, may produce symp- 
toms long after the menopause. Two patients in this group were over 65 
years of age, one being 67 and the other 69. MekKittrick reported a patient of 
64 who developed signs and symptoms of intestinal obstruction 14 years after 
the menopause, and found in the literature 4 other instances of patients who 
were beyond the menopausal age when they were admitted with symptoms of 
obstruction owing to endometrial involvement of the large bowel. One of the 





: Fig. 2.—Photomicrograph of section through the endometrioma found in Case 1, showing 
involvement of the entire bowel wall down to the submucosa by the endometrial process. 
The mucosa itself remains free. 


i6 patients reported by McGuff and associates developed almost complete ob- 
struction of the sigmoid 3 years following the menopause. This is a fact 
not commonly appreciated and again illustrates how closely this condition may 
simulate carcinoma of the colon so commonly found in this older age group. 
As a matter of fact, the patient reported by McGuff and associates, previously 
referred to, did have a separate and distinet lesion of the rectum which was 
malignant. 

Thirteen of these 14 patients were married; 8 of the 15 were childless, and 
3 of the remaining 5 had but 1 child even though the average age was about 
40 years. This fact is in keeping with the common occurrence of sterility or 
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relative sterility in patients suffering from endometriosis. Six of the 14 pa- 
ti nts who were still having menstrual periods were found to have acquired 
dysmenorrhea, the classical symptom of endometriosis. The presence of this 
symptom in just 50 per cent of these patients is exactly the same percentage 
as found by McGuff and associates. Only 1 patient in this group reported any 
abnormality of the menstrual flow. The periods were irregular and she had 
moderate menorrhagia. This is in keeping with our findings in the previous 
study of 370 patients with endometriosis that abnormal menstrual bleeding is 
not a frequent finding in this disease. None of our patients complained of 
dyspareunia and this was also true of the 16 patients reported by MeGuff and 
co-workers. 

The main symptoms in this group of patients were referable to the gastro- 
intestinal tract. All patients complained of cramplike abdominal] pain either 
generalized or referred to the lower abdomen. In 7 of the 12 patients who 
were still having menstrual periods these abdominal pains coincided with or 
were aggravated by the menstrual period. Three patients complained of nau- 
sea or vomiting. Nine of the 14 patients complained of severe constipation. 
Two patients developed complete obstruction. In the others the obstruction 
was partial or intermittent. The duration of symptoms varied markedly from 
a few weeks to many years. 

Five of these 14 patients had had an average loss of weight of 16 pounds. 
This may further complicate the differential diagnosis between this disease and 
carcinoma of the sigmoid and rectosigmoid. Five patients exhibited abdominal 
distention on physical examination. On pelvic examination 12 of the 14 pa- 
tients presented pelvic findings consistent with endometriosis, such as indura- 
tion, tenderness, the presence of nodules in the cul-de-sac, and/or palpable 
ovarian masses. Of the 2 remaining patients, 1 had sufficient endometrial in- 
volvement of the ovaries and eul-de-sae at operation to suggest that a more 
careful pelvic examination might have raised the suspicion of pelvic disease 
being present. In the 1 remaining patient the endometrial process was con- 
fined to the small bowel with no gross involvement of the pelvis. One patient 
who was thought to be suffering from acute appendicitis gave a 12 hour his- 
tory of generalized abdominal pain associated with localized tenderness in the 
right lower quadrant and in the right adnexal region on pelvic examination. 
At operation she was found to have chocolate cysts in both ovaries with 
endometrial implants in each broad ligament associated with secondary re- 
action particularly on the right. 

The clinical picture of endometriosis as it affects both the large and small 
bowel is well illustrated by the following 2 case reports. 

CASE 1.—This 39-year-old married white woman entered the clinic on June 14, 1946, 
with a chief complaint of cramplike pain in the lower abdomen of 3 years’ duration. She 
stated that she had been constipated all of her life and that she had been taking mineral oil 
regularly for years. She described the cramps as coming on at the onset of a bowel movement, 
lasting from 30 minutes to 1 hour, and often being associated with gaseous distention. She 


had had no diarrhea or bloody stools. There had been no relationship of this pain to the 


menstrual periods. In the previous 8 years she had gained 45 pounds. 
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Physical examination revealed that the patient was obese but did not appear acutely ill. 
Abdominal examination was negative. On pelvic examination there was a firm mass in the left 
vault which was thought to be the left ovary. There was also thickening with fixation of the 
left vault and shortening of the uterosacral ligament. Rectal examination was negative, 
and the question of endometriosis was considered. Proctoscopic examination was nega- 
tive to 7 inches. A barium enema revealed a narrowed area measuring about 1 or 2 em. in 
length in the region of the junction of the upper sigmoid and lower descending colon (Fig. 3). 
After evacuation there was an irregular contraction with delay at the previously mentioned 
area. The mucosal pattern was not well outlined in the empty film. 

In February, 1947, the patient returned to the clinic again complaining of constipation. 
She admitted that she had failed to follow the prescribed routine. At that time she com- 
plained of a dull ache in the left lower quadrant of the abdomen. 





Fig. 3.—Initial barium enema examination of Case 1 showing the narrowed area in the sigmoid 
colon. Already there is considerable loss of the mucosal pattern in this area. 


Physical examination of the pelvis demonstrated a questionable tender nodule in the 
cul-de-sac. There were no other masses. A repeat barium enema revealed a more marked local- 
ized area of constriction in the region of the sigmoid. It was thought to be due either to a 
congenital band, diverticulum, or to endometriosis. One month later another barium enema re- 
vealed a definite, irregularly constricted area just above the ampulla of the rectum in the 
rectosigmoid and extending over a distance of approximately 2 inches (Fig. 1). There was 
no residual barium following evacuation and a tentative diagnosis of carcinoma of the recto- 
sigmoid was made. She was admitted to the hospital for resection on April 30, 1947. 

On May 3, 1947, laparotomy was performed, at which time an annular constricting lesion 
of the rectosigmoid was found. There was a small cyst in the left ovary and a small fibroid 
on the posterior surface of the uterus. The abdominal exploration was otherwise negative. 


The lesion in the rectosigmoid was biopsied and a frozen section revealed endometriosis. 
Since the endometriosis had produced marked narrowing of the bowel lumen, it was resected 
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and end-to-end anastomosis performed. Because of the limited extent of the pelvic involve- 
ment no pelvic surgery was carried out. Postoperatively, the patient’s course was compli- 
cated by bilateral superficial thrombophlebitis. Microscopie diagnosis was endometriosis of 
the rectosigmoid with obstruction. 

In June, 1948, the patient returned to the clinic with a complaint of lower abdominal 
pain present for several months, associated with constipation. On physical examination there 
was moderate tenderness in the suprapubic region. Pelvic examination 
fibroid uterus and a tender nodule in the rectovaginal septum. 

She was again seen at the clinic in February, 1949, at which time she was having severe 
pain in the left lower quadrant not related to bowel habit. The periods were regular. There 
was a firm, tender mass in the left vault which was thought to be an ovarian cyst. A barium 
enema at this time failed to demonstrate any intrinsic pathologic change in the colon. By 
March the mass in the left vault had increased in size and she was advised to enter the hos- 


revealed a small 


pital. 
The patient was admitted to the hospital on March 28, 1949, and supracervical hysterec- 
tomy and bilateral salpingo-oophorectomy were performed. It was noted at this operation that 
the posterior cul-de-sac was obliterated by dense adhesions and there was a lemon-sized fibroid 
on the fundus of the uterus. The left ovary was enlarged, measuring 8 cm. in diameter, and 
contained chocolate-colored fluid. Several small endometrial implants were noted in the pelvic 
peritoneum. The pathologic report was adenoleiomyoma, endometriosis of left tube, simple 
eysts of right ovary, and corpus luteum cyst of left ovary. The patient was discharged 
on the eleventh postoperative day with the wound well healed. 


Comment.—The long duration of symptoms, the absence of blood in the 
stools, and the positive findings on pelvic examination as seen in this patient 
should suggest the diagnosis of possible endometriosis of the bowel rather than 
carcinoma. The progressive nature of the lesion affecting the rectosigmoid 
region is shown in the roentgenograms (Figs. 1 and 3). Although resection 
of the bowel was indicated in this patient by the degree of constriction pres- 
ent, verification and the elimination of carcinoma by a frozen section permitted 
a loeal type of resection to be carried out. The progressive nature of endo- 
metriosis is also illustrated by the progress of the disease process in the pelvis. 
Although minimal findings of endometriosis were present at the time of re- 
section of the rectosigmoid, development of severe pelvic pain and the increase 
in the size of the left ovarian mass necessitated reoperation within 2 years. 
The possibility that the patient may need a second operation must always be 
considered whenever ovarian function is preserved in the presence of endo- 
metriosis. 

The treatment of these patients with extensive endometriosis affecting the 
small and large bowel must be individualized. This is true of any patient with 
endometriosis who is submitted to surgery, but in these patients we have an 
additional factor, namely, the relief of intestinal obstruction as the result of 
an active invasive process. The possibility of the patient requiring a second 
operative procedure must be balanced against the effects resulting from an 
artificial menopause. The age of the patient, the extent of the involvement of 
the bowel and also of the pelvic viscera are all of importance. 

One patient, 47 years of age, with involvement of both the small and 
large bowel, was found at operation to have endometriosis involving the ileum, 
cecum, and sigmoid colon, producing partial obstruction of both the sigmoid 
and the ileum. The cecum and both ovaries were involved in the endometrial 
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process and were bound down by dense adhesions in the cul-de-sac. Leiomy- 
omas were present in the uterus. The terminal ileum, cecum, and sigmoid 
colon were mobilized and freed from their pelvic attachments, and total 
hysterectomy and bilateral salpingo-oophorectomy were carried out. This 
patient has remained well without recurrence of symptoms for over 2 years. 

A second patient with involvement of the small bowel had endometriomas 
of both ovaries with implants in both the terminal ileum and sigmoid which 
were adherent to the left ovary. The bowe! was dissected free and hysterec- 
tomy and oophorectomy were carried out with removal of all ovarian tissue. 
This patient has also remained well following operation. 

Removal of all ovarian tisue in these patients without resection of either 
colon or small bowel has resulted in complete relief. On the other hand, a 
third patient, 42 years of age, with severe endometrial involvement of the 
ileum and ascending colon and minimal involvement of the pelvie viscera, 
was treated by right colectomy with removal of the involved ileum, cecum, 
and ascending colon, and preservation of both ovaries. She has remained well 
over a period of 9 years. 

In Case 1, resection of the endometrioma of the sigmoid with preserva- 
tion of ovarian tissue resulted in a second operation due to development of 
severe pelvie pain and left ovarian mass within 2 years. Another patient with 
severe endometrial stricture of the sigmoid colon was subjected to a resection 
of the sigmoid in addition to bilateral salpingo-oophorectomy, and she has re- 
mained entirely well. All of the patients who were treated by removal of all 
ovarian tissue have remained well. On the other hand, conservative surgical 
treatment of endometriosis in general has been followed by surprisingly good 
results. That this is true even when the endometrial process involves the 
bowel is well illustrated by Case 2. 

CASE 2.—This 26-year-old white woman came to the clinic in March, 1944, with the chief 
complaints of abdominal cramps and backache associated with the menstrual periods. The 
patient stated that she had had this discomfort since menarche, but that it was only 2 years 
before coming to the clinic that the abdominal distress had become severe. She also had a 
low backache accompanying the periods. She described the pain as being on the left aspect 
of the sacrum, sharp in character, and ‘‘deeper’’ than a regular backache. This latter symp- 
tom had become more pronounced during the year prior to admission to the clinic, so that she 
would have to remain in bed 4 or 5 days out of every month. She also stated that during the 
past year the periods had been accompanied by severe attacks of bloating and nausea. The 
latter symptom appeared a few days before the menses and continued throughout the period. 
One of her principal worries concerned sterility, as she had been married for 2 years and had 


not been pregnant. 
Physical examination was essentially negative except for the pelvis, which revealed slight 
tenderness in the left adnexal region, some fixation of the cervix, and the presence of tender 
gion, ’ 
palpable masses in the cul-de-sac. Rectal examination confirmed the vaginal findings. <A tenta- 
tive diagnosis of endometriosis was made. Roentgenograms of the lower back revealed un- 


stable lumbosacral articulation. 

At operation the uterus was normal in size and in good position. Many small implants 
of endometriosis were found deep in the cul-de-sac, along the posterior part of the uterosacral 
ligaments, uterus, and sigmoid. The endometrial process involving the sigmoid was estimated 
to have narrowed the lumen of the bowel 50 per cent. Dilatation and curettage and a pre- 


sacra] neurectomy were carried out. 











, 
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The postoperative course of the patient was uneventful, and she was discharged on May 
25, 1944. She then underwent extensive sterility studies, and received several injections of 
Synapoidin over a ; riod of several weeks. In July of the same year a uterotubogram re- 
vealed both tubes + ‘normal in position and patent. In October, 1944, because of amenor- 
rhea, tender breasts, and a slight prominence of the glands of Montgomery, an Aschheim- 
Zondek test was carried out and reported as positive. She was not seen again until January, 
1947, at which time she reporied that she had had a normal pregnancy. The patient stated 
that she wished to become pregnant again. After a second course of sterility therapy she 
again became pregnant, and she was referred to a local obstetrician for delivery of her see- 
ond child. She has also been relieved for over 3 years of the lower abdominal distress and 
dysmenorrhea. 

CONCLUSIONS 


Endometriosis may involve the terminal ileum, producing the signs and 
symptoms of intermittent obstruction of the small bowel. It may produce a 
clinical picture simulating acute suppurative appendicitis. It may also in- 
volve the sigmoid and produce obstruction of the large bowel. Endometriosis 
of the sigmoid must be considered in the differential diagnosis of carcinoma of 
the sigmoid colon. Like carcinoma, it leads to an increasing degree of obstrue- 
tion to the lumen of the bowel and produces a defect on barium enema exam- 
ination that may closely resemble that of malignant disease. It may develop 
in a patient who is well beyond the menopause and be associated with a con- 
siderable loss of weight. Because the endometrial process rarely involves the 
mucosa of the bowel, bleeding is unusual. We believe that, unlike endometri- 
osis in general, once the disease process affects the small or large bowel, the 
treatment is always surgical. At operation, malignancy must first be excluded 
by a frozen section, and then a surgical procedure carried out that is based 
upon the age of the patient and the extent of the endometrial involvement of 
the bowel, ovaries, and pelvis. 
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ADENOACANTHOMA OF THE PYLORIC END OF THE STOMACH 
JOSEPH P. O’Brien, M.D., AND DonALp J. MEEHAN, M.D., Burrao, N. Y. 


(From the Roswell Park Memorial Institute) 


T IS the purpose of this paper to add another ease report of gastric adenoa- 

canthoma to the literature. A total of thirteen cases has been reported thus 
far. Wood,' reporting on these tumors, reviewed the literature and found 
seven cases of adenoacanthoma of the pylorus, three cases of massive adenoa- 
canthomatous involvement, and nine cases of pure squamous-cell carcinoma of 
the stomach. He added two more eases of pyloric adenoacanthoma that he 
observed. Strassmann? recently added another case report based on an autopsy 
study. The following case report is of interest because of the rarity of the 
lesion and the fact that this patient had a resection of a colloid carcinoma of 
the cecum four and one-half years ago at the age of thirty-five. 


CASE REPORT 

T. S. (No. 64970), a 40-year-old white man, was admitted to the Roswell Park Memorial 
Institute Jan. 10, 1949. He stated that he had been operated upon for bowel obstruction 
in October, 1944, in another hospital. Since then he was asymptomatic till five months before 
the present admission. His appetite had decreased and he complained of nausea with 
occasional vomiting attacks. He had lost fifteen pounds in the past few months and recently 
passed black stools. 

Physical examination revealed a pale white man appearing chronically ill, There was 
a well-healed right rectus scar with a palpable mass measuring approximately 5 em. in the 
epigastrium. Rectal examination was normal. 

Laboratory work-up revealed red blood count 3,830,000, and hemoglobin 9.6 Gm. The 
blood chemistry was normal. The report from the previous surgery revealed that in October, 
1944, a right colectomy had been performed for a carcinoma of the ascending colon. The 
microscopic slide was reviewed at this Institute and reported as colloid adenocarcinoma of 
the colon with metastasis to regional lymph nodes (Fig. 1). Barium enema failed to reveal an 
intrinsic lesion in the large bowel. Gastrointestinal series demonstrated a large filling defect 
on the greater curvature of the lower one-third of the stomach. The patient was prepared 
for surgery and a gastrectomy was contemplated on the basis of a new primary lesion within 
the stomach. At surgery the ileocolostomy was examined and was free of recurrence. The 
mesentery of both large and small bowel was normal. The pyloric end of the stomach was 
occupied by a large tumor mass primary within the stomach. Accordingly, a subtotal 
gastrectomy of the Hoffmeister type was performed. The patient made an uneventful 
recovery and was discharged on the fourteenth hospital day. 

Pathology.—The specimen (Fig. 2) consisted of resected stomach 12 by 9 by 3% em. 
The mucosal surface revealed one large papillary lesion 5 by 5 em. and a smaller adjacent 
tumor measuring 2 by 2 em. The mucosa was ulcerated over the tumors. 

Microscopic Examination.—Sections cut through the tumor showed an adenocarcinoma 
which in the projecting portion showed typical gland formation, but deeper in the infiltrating 
tumor the cells were growing in flat plaques without any semblance of gland formation. 
Other areas showed large flat cells with keratinization and intercellular bridge formation 
(Figs. 3 and 4). Regional lymph nodes showed lymphadenitis but all nodes were negative 


for metastatic carcinoma. 
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Fig. 1.—Photomicrograph showing a colloid carcinoma of the right colon. Slide was obtained 
irom another’ hospital, 





Fig. 2.—Gross specimen showing the an 721 adenoacanthoma. The stomach is opened along the 
greater curvature, cutting through th larger tumor. The smaller tumor was pedunculated. 
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Fig. 3.—Photomicrograph showing the adenocarcinoma of the stomach, typical of the super- 
ficial portion of the tumors. 





Fig. 4.—Photomicrograph showing the deeper portion of the tumor. These cells are 
-_ _ showing keratinization and intercellular bridges. Sections from both tumors were 
identical. 
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DISCUSSION 


Adenoacanthomatous change in the stomach is still a controversial subject. 
The prevailing theories at the present time are that the squamous element can 
arise from metaplasia of the mucosa, stimulation of undifferentiated basal cells, 
or growth of embryonic rests. Experimental production of gastric cancer has 
not simulated the disease in man since most of the work has been done with 
rats and mice. These animals have a two-chamber stomach: a forestomach lined 
with squamous epithelium and a glandular stomach containing a true glandular 
mucosa. Most of the experimental cancers produced have been squamous-cell 
earcinomas of the forestomach. 

Stewart and Lorenz* produced adenoacanthoma of the pylorie portion of 
the stomach in mice by intragastric injection of methyleholanthrene. Wood! 
also duplicated this result. The production of these tumors was not preceded 
by squamous-cell metaplasia. The recent case report by Strassmann? accom- 
panied by photomicrographs showed a large adenoacanthoma of the stomach 
with a small pateh of squamous epithelial lining near the cardia of the stomach. 
This squamous lining revealed neoplastic change in one area with submucosal 
extension. Since some of the tumor cells had a basal-cell character, he believed 
a stimulation of undifferentiated basal cells had produced the metaplasia and 
subsequent squamous-cell carcinoma. The works of Stewart and Wood add 
weight to this theory. 


SUMMARY 


The tumor masses in the present case report were limited to the pylorus. 
Both tumors showed adenoacanthomatous change. However, the squamous-cell 
portion seemed to lie deep in the substance of the tumors while the more super- 
ficial areas were composed of the adenocarcinoma. 


CONCLUSIONS 


1. A case of adenoacanthoma of the pylorus is reported. 
2. The patient is alive and well without evidence of recurrence one year 
later. 
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THE QUANTITATIVE RELATIONSHIP BETWEEN PARIETAL 
CELLS AND GASTRIC ACIDITY 


Ly._e A. ToNGEN, M.D., MINNEAPOLIS, MINN. 


(From the Department of Surge y, University of Minnesota Medical School) 


Part I. STUDIES ON THE QUANTITATIVE RELATIONSHIP BETWEEN PARIETAL CELLS 
AND GASTRIC ACIDITY IN HUMAN STOMACHS 


HIS study is concerned with whether or not there is a quantitative relation- 

ship between parietal cells and gastric acidity. Cox and Barnes,’ in 1945, 
suggested that there may be instances of hyperplasia associated with increased 
functional activity in stomachs with large numbers of parietal cells. They 
demonstrated a hyperplasia of the parietal cells in the stomachs of guinea pigs 
in response to histamine stimulation. 

I approached this problem in the human being by attempting to correlate 
the number of parietal cells per unit of surface area in a stomach, as measured 
by counting parietal cells in representative areas of the body mucosa, with 
gastric acidity as measured by a triple histamine gastric analysis. 

The distribution of parietal cells in the stomach has been studied by Ra- 
dasch,'* Miyagawa’ and Berger.* Berger carefully mapped out the topo- 
graphical distribution of parietal cells in the stomach and found that there was 
a uniform distribution of parietal cells in the body portion of the mucosa. The 
cardiae and fundie portions of the stomach contained about 50 per cent less per 
unit area than the body portion. There is a rather abrupt zone of demarcation 
of parietal cell concentration between the body and pyloric portions of the 
stomach. It would seem, from these studies, that samples of stomach mucosa 
taken from an area well within the body portion of the stomach would fairly 
accurately represent the major acid secretion portion of the stomach. Parietal 
cell counts were made on blocks of gastric mucosa taken from the mid-portion 
of the anterior wall, well within the limits of the body portion of the gastric 
mucosa. With the aid of an ocular net micrometer, it was possible to count the 
parietal cells in a swath, 0.246 mm. in width, from the surface to the base of 
the mucosa. Cell counts were made only on well-oriented blocks in which the 
profile of the gastric erypts were visible as well as much of the long axis of the 
gastrie glands. 

Because of the variations in concentration of parietal cells at different 
depths of the mucosa, the only valid determination of cell concentration per 
unit area of stomach must be made by counting cells in a strip through the full, 
well-oriented thickness of the mucosa. It is noted that a varying content of 
mucosa will be examined depending upon the differences in thickness of the 
mucous membrane in different stomachs, but the surface unit area will be the 


same in all. 


This paper is an abridgment of a thesis submitted to the Faculty of the Graduate School 
of the University of Minnesota in partial fulfillment of the requirements for the degree of 


Master in Surgery. 
The researches presented here were supported by the Augustus L. Searle and Robert A. 


Cooper Funds for Surgical Research. 
Received for publication, May 18, 1950. 
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Fractional gastric analysis is not a strictly accurate method of measuring 
the acid-seecreting power of a stomach. However, it is the only method available. 
The use of histamine as a stimulant increases the value of the test as an index 
of the ability of a stomach to secrete acid.® 

The studies of Porter,’*? Bergheim,* Polland,'? Bloomfield,® and Nyman’® 
indicate that, as a rule, the gastric acid secretory curve in response to histamine 
in a given individual under standard conditions is quite constant and repro- 


ducible. 
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Fig. 1. 


Polland and associates’? studied the relation of total chloride to titratable 
acidity in gastrie juice obtained after histamine stimulation and found that 
total chloride exceeded titratable acidity by a uniform amount. They con- 
cluded that the titratable acidity at the height of secretion was a valid index 
of the acid secretory capacity of the stomach inasmuch as it falls short of the 
actual chloride secretion by a relatively constant amount. 

Remarkable unexplained variations in gastric acidity in the same individual 
do occasionally oceur, as noted by Hellebrandt,’ Vanzant,'® Alvarez,’ and 
-’almer.™ 

METHOD 


Observations were made on fresh specimens of adult human stomachs ob- 
tained following gastrectomy for a variety of conditions, among which peptic 
uleer predominated. 
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Samples of mucous membrane were obtained from the central portion of 
the anterior wall of the stomach. Well-oriented sections were cut 7 microns in 
thickness and stained with hematoxylin and eosin. Using an ocular net mi- 
crometer, a swath 0.246 mm. in width from the surface to the base of the mucosa 
was examined. Well-oriented areas were chosen and the parietal cells contained 
within this strip of mucosa were counted. Only the nuclei of parietal cells were 
counted. The thickness of the mucosa was also measured at the point where a 
count was made. Parietal cells were counted in four such areas in each stomach 
and the average number of cells per unit of surface area as well as the average 
thickness of the mucosa was computed from these data. 

A triple histamine gastric analysis was done on each patient prior to opera- 
tion, with the measurement of gastric acidity in clinical units. Topfer’s re- 
agent and 1 per cent phenolphthalein were used as indicators to titrate free 
and total acidity, respectively. Gastric analysis was done in the morning, after 
fasting since supper the night before. A Levine tube was passed and the stomach 
emptied. This sample served as the fasting specimen. Five-tenths milligram 
of histamine was then given subcutaneously at one-half hour intervals for three 
doses, and samples were collected at the end of each period and one-half hour 
after the last dose of histamine. The stomach was completely emptied each time 
by adjusting the intragastric tube and positioning the patient so as to accomplish 
this as well as possible. The quantity of gastric juice was measured and the free 
and total acidity titrated on each sample. 

Table I contains the essential data on 13 patients. None of these had any 
appreciable element of obstruction, either clinically or as measured by testing 
for gastric residual. In Fig. 1 the cell concentration per unit area is plotted 
against the total gastric acidity. A fairly high degree of correlation exists be- 
tween the parietal cell concentration per unit area and total gastric acidity. 
Study of the data in Table I reveals no correlation between gastric acidity and 
stomach weight or between cell concentration and stomach weight. 

In Table II, one observes a close correlation between cell concentration and 
total acidity in stomachs of similar weight. 














TABLE I 
STOMACH GASTRIC ACIDITY | THICKNESS NUMBER OF 

CASE WEIGHT ( DEGREES ) OF MUCOSA | PARIETAL CELLS 

NUMBER (GM. ) | FREE | TOTAL (MM.) PER UNIT AREA 
1 217 86 96 1.101 152 
2 172 61 71 1.105 116 
3 240 86 98 1.329 152 
4 165 68 80 0.994 98 
5 104 100 17 1.133 138 
6 135 72 216 1.065 148 
i 98 90 106 1.056 126 
8 220 76 86 0.966 77 
9 182 22 49 0.723 61 
10 205 0 16 0.763 21 
11 195 76 87 1.065 75 
12 95 29 48 0.792 36 
13 100 75 84 0.882 89 
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TABLE II 











STOMACH WEIGHT CELL | TOTAL 
CASE NUMBER (GM. ) CONCENTRATION ACIDITY 
5 104 138 117° 
7 98 126 106° 
12 95 36 48° 
13 100 89 84° 





DISCUSSION 

These studies vield some evidence of a correlation between parietal cell 
concentrations per unit area and total gastrie acidity. However, a critical ap- 
praisal reveals weaknesses in the method of study that render the evidence in- 
conelusive. The number of cases are few. It is conceivable that the correlation 
indicated in Fig. 1 could oceur through errors in random sampling of a group 
in which a low index of correlation existed. The only account taken of stomach 
size or surface area is that of the weight of the resected segment. We know from 
Berger’s studies that the parietal cell distribution in the body mucosa is fairly 
uniform, but we also know that the relative area occupied by the body mucosa is 
variabie. These studies were done on human stomachs in which there was some 
factor of gastric pathology. Most of the specimens had some element of antral 
gastritis and in some this process involved the body mucosa in some degree. 


Part II. StrupreEs oN PARIETAL CELL HYPERPLASIA IN Docs 


In order to study this problem under more carefully controlled conditions 
a group of dogs were studied. A biopsy was taken of the body mucosa in the 
mid-portion of the anterior wall of these animals to serve as a control. After 
the wound had healed they were treated with daily intramuscular injections 
of histamine-in-beeswax to stimulate gastric acid secretion. After variable 
periods of such stimulation, the animal was sacrificed and the body mucosa of 
the stomach examined and compared with the control. The essential data are 
contained in Table III. The cell concentration was determined in the same 
manner as that described earlier. As shown in the photomicrographs taken 
before and after stimulation with histamine, a hyperplasia of the parietal cells 

















occurred. 
TABLE III 
alata ar | NUMBER OF wcnm er 
DAILY INJEC- 
BEFORE HISTAMINE TIONS OF HIS- AFTER HISTAMINE 
THICKNESS | TAMINE-BEES- THICKNESS 
DOG OF MUCOSA PARIETAL WAX (30 MG. OF MUCOSA PARIETAL 
NUMBER | (MM.) CELL COUNT PER DAY ) (MM.) CELL COUNT 
44 0.918 108 14 1.056 186 
48 0.672 66 9 0.810 123 
554 0.864 76 6 0.918 116 
7 0.918 155 52 1.056 193 
14 0.954 129 46 1.230 245 
478 0.600 39 96 0.810 122 
419 0.708 66 45 0.984 140 


493 0.846 13] 42 1.092 176 
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In Table IV, note the data on three dogs that had two biopsies taken of the 

stomach before stimulation by histamine was begun. This was done to find 
out whether the operation itself might stimulate the hyperplasia. 


TABLE IV. PARIETAL CELL COUNTS 


AFTER HISTAMINE 








DOG NUMBER FIRST BIOPSY SECOND BIOPSY 





7 155 149 193 
14 129 147 245 
478 39 45 122 








Sections were taken from several areas in the body of the sacrificed stomachs. 
All sections revealed a degree of hyperplasia fairly represented in the photo- 
micrographs, thus eliminating the possibility that the difference in cell concen- 
tration was due to variations in parietal cell concentration in different areas 
of the body portion of the stomach. 

Table V contains the data on two dogs that had a vagotomy done at the 
time of the initial biopsy. Subsequent insulin gastric analysis indicated a com- 
plete vagotomy. Biopsies of the stomach five weeks later revealed no significant 
alteration in the parietal cell concentration. After a period of histamine 
stimulation both sacrificed stomachs showed parietal cell hyperplasia. 


TABLE V. PARIETAL CELL COUNTS 








~ APTER HISTAMINE 





bCG NUMBER BEFORE VAGOTOMY AFTER VAGOTOMY _ 
419 66 7 80 140 
493 13] 138 176 





DISCUSSION 


The hyperplasia of parietal cells in response to persistent stimulation is 
consistent with the response of most tissues to increased work loads.'''° This 
is commonly seen in muscle and in various glands. Since hydrochloric acid 
is an important factor in the genesis of ulcer, the processes by which it is in- 
creased or decreased in quantity or concentration are a subject of absorbing 
interest. This study shows that persistent stimulation of gastric acid secretion 
in a dog causes a hyperplasia of parietal cells. This should result in an in- 
creased capacity to secrete acid. Studies of human stomachs which show a 
correlation between gastric acidity and parietal cell concentrations suggest 
that this is so. Vagotomy does not appear to interfere with this response. 

CONCLUSIONS 

1. There appears to be a correlation between gastric acidity and parietal 
cell coneentrations in human stomachs. 

2. Persistent stimulations of gastric acid secretion by histamine-in-beeswax 
causes a marked hyperplasia of the parietal cells in dogs’ stomachs. 
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THE USE OF TANTALUM GAUZE IN THE CLOSURE OF 
FULL-THICKNESS DEFECTS IN THE CHEST WALL 


AN EXPERIMENTAL Stupy IN Docs 
ANDREW G. Morrow, M.D.,* BALTimore, Mb. 


(From the Clinical Research Unit, National Cancer Institute and the Tumor Clinic, United 
States Marine Hospital) 


ARGE defects are created in the thoracie wall when primary malignant tumors 
L of the ribs or overlying soft tissues are resected. Destruction of skin, 
musele, ribs, and parietal pleura is sometimes necessary. Carcinoma of the 
breast, recurrent in the chest wall after radical mastectomy, may also warrant 
such radical excision if distant metastases are not evident. Local involvement 
of the parietal pleura by carcinoma of the lung necessitates resection of the chest 
wall as an adjunct to pneumonectomy if a cure is to be effected. 

Satisfactory repair of the full-thickness defects created in these operations 
is difficult. Airtight closure of the pleural space is necessary and sufficient 
support should be provided to prevent paradoxical movement. In addition, some 
protection must be afforded the underlying structures. 

Various methods have been devised for the closure of such large operative 
defects. I'ree grafts of fascia lata were employed by Mayer,! Watson and 
James,? and Davis and associates.* Large flaps of skin, muscle, and fascia were 
used by Maier* and Pickrell and co-workers.*:* Effler and Blades’ found tan- 
talum plates unsatisfactory because they moved with respiration, soon became 
loose, and either sloughed out or had to be removed. 

The suecessful use of tantalum gauze in the abdominal wall*® * '° 
that this material might be suitable for the repair of defects in the chest wail. 
The flexibility of tantalum gauze led us to believe that the difficulties encountered 
by Effler and Blades with tantalum plates could be obviated. The present study 
was undertaken to determine if tantalum gauze, covered only by skin, could be 
used to close surgical defects of the thoracie wall in dogs. 


suggested 


MATERIALS AND METHODS 


Mongrel dogs weighing 17 to 35 pounds were used. They were anesthetized 
with Nembutal solution (25 mg. per kilogram body weight) administered intra- 
peritoneally. An endotracheal tube with an inflatable cuff was passed. Oxygen 
was administered throughout the operation by means of an intermittent positive 
pressure apparatus. tf 

The operative procedure was as follows: The dog was placed on the table 
with the right side uppermost and the right foreleg drawn upward and back- 
ward (Fig. 1). The chest wall was shaved, the skin prepared with ether and 
tincture of Zephiran, and sterile drapes were applied. 

A skin flap was elevated on the upper right chest and reflected upward 
(Fig. 2). No subeutaneous fat was included in the flap. The muscles beneath 

Received for publication, March 38, 1950. 
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: 7‘‘Pneophore,” a Burns valve manufactured by the Mine Safety Appliance Company, 
Pittsburgh, Pa. 
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the defect in the skin were removed, laying bare the anterolateral portions of 
the fifth, sixth, seventh, eighth, and ninth ribs (Fig. 3). Incisions were made 
in the fifth and ninth intercostal spaces and the ribs divided medially and 






primary incision 


Fig. 1.—Position of the dog on the table and the skin incision. 


Ly pectorali s major 
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extrathoracic muscles. 


Fig. 2.—The skin flap is reflected upward exposing the 
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laterally. This block, consisting of segments of four ribs, was removed (Fig. 4). 
Bleeding from the intercostal vessels was controlled with suture ligatures of 
cotton. 
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Fig. 5. Fig. 6. 


; Fig. 3.—The pectoralis major is removed and the digitations of the serratus magnus 
divided. 

Fig. 4.—A block of chest wall 7 by 10 cm. is removed. This consists of 7 to 8 cm. seg- 
ments of four ribs and intercostal bundles. 

Fig. 5.—The gauze is fitted into the defect and sutured to the periosteum of the ad- 
jacent ribs with tantalum wire. The edges of the gauze are folced under 1 to 2 cm. on all 
sides prior to implantation. 

Fig. 6.—A catheter is inserted into the pleural space and the skin closed in two layers. 
The catheter is withdrawn after the aspiration of air from the chest and the instillation of 
penicillin, 
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The resulting defect in the chest wall measured about 7 by 10 em. A piece 
of tantalum gauze was cut to the appropriate size and its edges folded under. 
This was fitted into the defect.* Care was taken to have the square of gauze 1 
to 2 em. larger in each dimension than the defect. Whenever possible, the edges 
of the gauze were tucked beneath the muscle and fascia at the edges of the 
wound. The gauze was sutured to the periosteum of the adjoining ribs with 
000 tantalum wire (Fig. 5). A soft rubber catheter was introduced into the 
pleural cavity between the sutures and the skin flap replaced. The skin was 
closed by interrupted subeuticular sutures of 0000 cotton and a continuous ap- 
proximating suture of the same material (Fig. 6). These two rows of sutures 
were employed to insure an airtight seal of the pleural space. 

After closure was complete, 200,000 units of aqueous penicillin were intro- 
duced into the chest through the catheter. The air was aspirated from the 
pleural space and the catheter withdrawn. All dogs received 300,000 units of 
procaine penicillin subeutaneously on each of the first three postoperative days. 


RESULTS AND DISCUSSION 


Seven dogs were subjected to the procedure described. All survived. The 
dogs were kept in the laboratory for 10 to 15 days after operation and were then 
moved to a boarding kennel where their care was supervised by a veterinarian. 

All dogs showed some paradoxical movement of the flap for two or three 
days after operation. This gradually diminished and after 5 to 7 days the skin 
was adherent to the gauze and the entire flap was fixed. Fluid collected between 
the skin flap and the gauze in two dogs but healing occurred premptly after the 
fluid was aspirated. 

The dogs were returned to the laboratory and sacrificed at varying intervals 
after operation. The results of the operations and autopsies are summarized 
in Table I. 

Autopsy was performed on one dog eleven days after operation. Thirty 
eubie centimeters of straw-colored fluid were fourd in the right pleural space. 
The right lung was bound to part of the undersurface of the gauze with filmy 
adhesions which were easily separated. The remainder of the gauze was smooth 
and the overlying skin was densely adherent to it. 

The other animals were sacrificed 39 to 229 days after operation. These 
animals presented essentially similar findings at autopsy. In all instances the 
skin flap was adherent to the gauze, which was somewhat wrinkled. Dense ad- 
hesions were present between the right lung and portions of the implant. The 
remainder of the inner surface of the gauze was smooth and glistening and 
simulated parietal pleura. No fluid was found in the pleural cavities of these 
dogs. In one animal there was a moderate shift of the heart and mediastinum to 
the operated side. In three dogs the gauze was torn but in each instance the 
defect was bridged by dense sear covered with pleura. Separation and frag- 
mentation of gauze implanted in the abdominal wall were observed by Koontz,’ 


*The gauze is woven of 0.003 inch tantalum wire into a mesh 50 by 50 strands per inch. 
Sheets 6 by 12 inches are manufactured by the Ethicon Suture Laboratories, Brunswick, N. J, 
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TABLE I. POSTOPERATIVE COURSES AND AUTOPSY FINDINGS OF Dogs WHICH HAD THORACIC 
WALL DEFECTS CLOSED WITH TANTALUM GAUZE 











INTERVAL, 
OPERATION 
DOG DATE OF DATE OF TO AUTOPSY POSTOPERATIVE COURSE AND 
NUMBER OPERATION AUTOPSY (DAYS ) AUTOPSY FINDINGS 
NCI-51 4-22-49 5-30-49 39 Flap firmly fixed, no fluid in chest; gauze 


intact and partly pleuralized; moderate 
number of adhesions 
NCI-52 5- 2-49 12-16-49 229 Smooth course; flap firm; no fluid; gauze 
torn in center but defect closed by fi- 
brous tissue covered with pleura; few 
adhesions 
NCI1-55 5- 6-49 12-12-49 221 Five ribs resected; smooth course; no fluid 
at autopsy; gauze torn but defect healed; 
retraction of heart to right; many ad- 
hesions 
10-20-49 159 Thirty-five ¢.c. fluid aspirated second P. O. 
day; 80 c.e. aspirated fourth P. O. day; 
flap healed and adherent to gauze on 
seventh day; no fluid at autopsy, gauze 
intact, moderate number of adhesions 
NCI-47 5-18-49 12-13-49 209 Forty ¢.c. fluid aspirated on second day; 
did not reaceumulate; no fluid at au- 
topsy; gauze torn, defect healed over, 
moderate number of adhesions between 
gauze and lung 
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NCI-96 10-10-49 12-13-49 64 Smooth course; no fluid, few adhesions: 
gauze pleuralized over most of its surface 








NCI-97 10-10-49 10-20-49 1] Dog tore flap open on second day, secondary 
closure; remainder of course smooth; 30 
e.c. clear yellow fluid at autopsy; flap 
healed to gauze, few filmy adhesions, 
gauze intact and its inner surface smooth 








who attributed it to ‘‘work-hardening’’ or crystallization of the metal. He found 
that no weakness resulted from this fragmentation, however, as dense fibrous 
tissue had pervaded the gauze by the time it occurred. 

This experimental study indicates that tantalum gauze, covered solely by 
skin, is satisfactory for the closure of full-thickness defects in the thoracic wall. 
In dogs, an airtight closure of the pleura was obtained by closing the skin in 
two layers. Should the operation be applied to hunian beings, underwater drain- 
age of the pleural cavity would afford an additional safeguard against pneumo- 


thorax. 
SUMMARY 


Full-thickness defects were created in the chest walls of dogs and repaired 
with tantalum gauze. The gauze was covered only by skin. All animals sur- 
vived the procedure and none had paradoxical movement of the chest wall for 
more than seven days after operation. Solid healing of the reconstructed area 
had oceurred in all instances and the defect in the thoracic wall was bridged 
by firm fibrous tissues. 

It is suggested that the operation is applicable in human beings following 
block resections of the chest wall for primary tumors or recurrent breast cancer, 
and in eonjunction with pneumonectomy when the tumor has invaded the 


parietal pleura. 
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STUDIES ON EXPERIMENTAL ESOPHAGITIS 


DonaLp J. FERGusoN, M.D.,* ENRIQUE SANCHEZ-PALOMERA, M.D., YosHIo SAko, 
M.D.,¢ H. Wituiam CLatwortny, Jr., M.D., Ropert W. Toon, M.D., ano 
OWEN H. WANGENSTEEN, M.D., MINNEAPOLIS, MINN. 


(From the Department of Surgery, University of Minnesota Medical School) 


LINICAL observations have indicated that esophagitis and some esopha- 

geal strictures may result from regurgitation of acid gastric juice into 
the esophagus.** Chronie ulceration and ‘‘spontaneous perforation’’ of the 
esophagus are other, perhaps related, conditions in which acid-peptic diges- 
tion may play a part. Still another group of cases may be distinguished by 
the association of intracranial disease with uleers of the gastrointestinal tract, 
including the esophagus, although the significance of this relationship is un- 
proved. The present study, suggested by these observations, attempts to 
clarify the etiology of nonspecific esophagitis, the most common disease of 
the esophagus. 

Experimenta] studies on this subject are not numerous. Friedenwald and 
associates (1928) produced ulcers in the esophagus of dogs by using an in- 
strument through an esophagoseope. If left alone, such ulcers healed within 
a week; but if 10 per cent hydrochloric acid was applied 4 times a day by tube, 
the uleers became chronic. Bleeding, anemia, and weight loss resulted. Acid 
alone did not produce uleers. 

Selye (1938) produced hemorrhagic erosions in the rat esophagus by liga- 
tion of the pylorus. When koth cardia and pylorus were ligated, there was no 
esophagitis. 

Bergqvist (1946) described a relaxation of the cardia in 3 dogs in which 
transthoracic vagotomy was performed. Four to 9 weeks after vagotomy 
the esophageal mucosa appeared normal. The dogs were then given 20 mg. 
a day of histamine-in-beeswax mixture, without change in the esophagus. 
Even when lesions were produced in the lower esophagus with steel wool or 
a cautery, while the dogs were getting histamine, the lesions healed quickly. 

Ware and Strieder (1949) ineised the lower esophagus in dogs and gave 
apomorphine, to simulate the human condition of perforated esophagus. Vari- 
ous forms of treatment were tried, but all the dogs died unless the wound was 
immediately resutured. 

The experiments of Friedenwald made use of plain hydrochloric acid, 
which, as will be shown, has not the same effect as gastric juice on the esopha- 

The researches presented here were supported by the following national funds for cancer 
research: United States Public Health Service. Grant No., RG1028, and National Research 
Council, Committee on Food Research, Ne. W11-909-qgm-70215; and locally, Augustus L. 
Searle Fund for Experimental Surgical Research; Austen S. Cargill Fund for Surgical Re- 
search; Mr. and Mrs. R. C. Lilly Fund for Surgical Research; and The Graduate School, Uni- 
versity of Minnesota. 
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geal mucosa. The relative vulnerability of esophageal mucosa to injury by 
acid gastric juice, compared with that of the gastric or intestinal mucosa in 
the same animal, has been little studied. What duration of contact and what 
digestive properties a fluid must have to produce esophagitis are not clear. 
On the basis of preliminary experimental skirmishes with the problem of sensi- 
tivity of the esophagus to injury by acid-peptic juice, it was noted that the 
esophagus was considerably more vulnerable to damage through this agency 
than was either the gastric or the duodenal mucosa.** ** The present study, 
based on a broader approach to the problem, confirms and extends those ob- 
servations. 
METHODS 


Species studied include human beings (cadavers), dogs, eats, rats, rabbits, 
guinea pigs, and hamsters. The esophagus of the dog is better provided with 
submucosal glands than is that of the human being,'® which has only about 200 
altogether.? The cat lacks esophageal glands, but has a musculature more simi- 
lar to the human being, with striated muscle in the upper two-thirds. The 
canine esophagus has striated muscle throughout its length. The rabbit 
esophagus has a few small glands in the submucosa. 

Islands of gastric mucosa are not found in the animal esophagus, although 
a few stomach glands may be found near the cardia in dogs. Sehridde*? found 
such islands in 21 of 30 human eadavers examined, but Taylor*’ discovered 
them in only 6 cadavers out of 900 consecutive post-mortems. These islands 
have been blamed for esophagitis.” 

Rats and hamsters have a proventriculus, lined with squamous epithelium 
similar to that in the esophagus. Rodents are apparently incapable of vom- 
iting, owing to absence of a vomiting center for coordination of the reflexes 
involved.*® 

Gastrie juice was brought into contact with the esophageal mucosa in our 
experiments either by making the animal vomit or regurgitate, or by perfusion 
of the organ. The gastric juice used in the latter type was obtained from dogs 
with total gastric pouches in which vagal innervation was present, as shown 
by the insulin test. This fluid was readily obtainable in large quantities, so 
that many experiments could be performed with the same bateh. Unless 
otherwise stated, the juice was obtained without stimulation. It had a pH 
between 1.2 and 1.7, and there was strong peptic activity, as determined by 
LeVeen’s method.*? Juice obtained with histamine stimulation had less, and 
with pilocarpine more, peptic activity than that obtained without stimulation. 
Human gastri¢e juice obtained with histamine stimulation was compared with 
canine juice in several experiments in which loops of cat intestine were per- 
fused. The 2 were quite similar in their effect. The human juice had a pH 
of 1.4 to 1.9 and peptic activity in the same range as histamine-stimulated 
juice from the dog. 


EXPERIMENTS AND RESULTS 
Cats 


Perfusion of Esophagus and Jejunum With Canine Gastric Juice-—Cats 
of average size were anesthetized with sodium pentobarbital and cannulae were 
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tied into the cervical esophagus and the cardia. The latter eannula was led 
out through a gastrostomy. The cannulae were made of glass, with a smooth 
flange at one end. The solution to be tested was contained in a graduated 
flask connected to the cervieal cannula. Tubing was coiled in a water bath 
kept at 37° C. The outflow cannula connected with a vertical glass tube 20 
em. long, which maintained the pressure in the loop at 20 em. water. A simi- 
lar apparatus was connected in the same animal to each of 2 adjacent 5 em. 
loops of jejunum, beginning at the duodenal junction. The peritoneum was 
then closed outside the loops. Fluid was dripped continuously at a rate of 
25 ¢.c. per hour through each of the 3 loops. In the first 3 experiments, all the 
loops were perfused at the same time in each animal. Since the eat died when 
the esophagus perforated, the remaining esophageal loops were not perfused 
until after the intestinal loops had been exposed to the juice for a number of 
hours. No loop was perfused for more than 12 hours. 






Cat - Esophagus 


| Histemine-stimlated | 

Fig. 1.—Appearance of cat esophagus after perfusion with histamine-stimulated gastric 
juice. At the upper end is a stretch of normal esophagus, above the point where the cannula 
was tied in. 

The results were evaluated in terms of degree of ulceration, time required 
for perforation to occur, and the bursting strength of those loops which did 
not perforate. Microscopic sections were made of each loop, and were cor- 
related with the gross appearance in determining the degree of ulceration. 
Following the scheme used by Dameron and Wangensteen,’® a degree of | 
signified slight necrosis of the mucosal surface; 2, necrosis extending into the 
submucosa; 3, ulceration into the muscular layers; 4, ulceration down to the 
serosa; and 5, perforation. Bursting pressure was determined by connecting 
a manometer into one end of a loop, and a supply of compressed gas into the 
other. It was found impracticable to measure pressures higher than 1,200 mm. 
Hg by this method because the cannulae could not be fastened securely enough 
without damaging the loop. Hence some bursting pressures are recorded as 
1,200 + mm. Hg. 
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Just proximal to the lower cannula in the esophagus there was a cuff of 
gastric mucosa about 1 em. wide exposed to the same juice as the esophagus 
(Fig. 1). However deteriorated the esophagus, the gastric mucosa was never 
uleerated, although it was sometimes reddened. Necrosis began sharply on 
the upper side of the esophagogastrie junction. The lower one-third of the 
esophagus was always most severely damaged. This part of the esophagus, in 
human beings as well as in animals, usually breaks first when a purely me- 
chanical distending force is applied.** ** The results of the experiment are 
given in Table I. In every instance the esophagus was much more promptly 
and severely damaged than the jejunum. 


TABLE I. COMPARISON OF SUSCEPTIBILITY OF ESOPHAGUS AND JEJUNUM OF THE CAT TO THE 
DIGESTIVE POWER OF CANINE GASTRIC PoUCH JUICE* 


























ESOPHAGUS JEJUNUM 
| | | TIME OF | TIME OF 
DURA- |GRADE|PERFORA-| BURSTING DURA-  |GRADE| PERFORA- | BURSTING 
“YPEOF | ANI- | TION | OF TION |STRENGTH|ANT- TION OF TION |STRENGTH 
<UICE | MAL | (HOURS )| ULCER (HOURS)| (MM.HG)|MAL] (HOURS) |ULCER| (HOURS) | (MM.HG) 
Histamine 1 re 5 2.3 1 2.3 2 1200+ 
stimu- 1 2.3 a 1200+ 
lated ; 2 0.5 2 960 2 0.5 0 1200+ 
pH 1.3 2 0.5 0 1200+ 
3 0.8 5 0.8 3 0.8 0 1200+ 
3 0.8 0 1200+ 
+f 2.3 3 40 4 9.3 2 900 
4 9.3 2 780 
5 1.0 5 1.0 5 55 5 5.5 
5 5.5 i 1100 
6 1.3 5 j 6 9.0 2 1200+ 
6 9.0 2 760 
7 1.3 5 1.3 7 5.3 4 1180 
7 5.3 5 5.3 
8 1.3 5 13 8 12.0 2 580 
S 12.0 2 360 
Unstimu- 9 2.0 5 2.0 9 12.0 1 1200+ 
lated ; 9 12.0 1 1200+ 
pH 1.4 10 23 5 2.3 10 12.0 1 1200+ 
10 12.0 1 1200+ 
11 1.0 5 1.0 11 12.0 4 120 
1] 12.0 2 720 
12 0.3 5 0.3 12 12.0 ] 230 
12 12.0 1 10 
Pilocar- 13 1.0 5 1.0 13 12.0 3 1160 
pine stim- 13 12.0 1 1200+ 
ulated ; 
pH 1.4 
Alcohol 14 1.0 5 1.0 14 12.0 ] 1200+ 
stimu- 14 12.0 1 1200+ 
lated ; 
pH 1.1 





*Loops were perfused with 25 c.c. per hour at 20 cm. H2O pressure and 37° C. 


In 2 eats the process of esophageal perforation was observed directly by 
opening the left chest and maintaining respiration through a tracheal tube. 
Gastric juice was perfused in the manner described. Initially there was a 
vigorous contraction of the upper esophagus and a dilation of the lower part. 
After 5 minutes, regular peristaltic waves appeared, progressing downward 
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at about 1 em. per second. They occurred every 5 em., approximately. In 
the first cat, the wall of the esophagus was discolored in about 10 minutes, 
and peristalsis became irregular and feeble. The blood in the smaller vessels 
turned dark brown in color as the acid juice began to penetrate the vessels, 
and the whole organ then became more distended, thin, and translucent. The 
fluid finally spread out under the serosa, and perforated into the pleural cavity 
after a total time of 19 minutes. 

In the second eat, the perfusion fluid appeared under the serosa in 35 
minutes in 1 small area, but complete perforation did not oceur until after 
65 minutes. When perforation had occurred, the mediastinal vessels and 
nerves, as well as the trachea and esophagus, were dissected free and exposed 
by the digestive fluid, exactly as occurred in a human patient with esophag- 
eal perforation described by Cushing."* 

Perfusion of the intestinal loops was beset with several serious difficulties. 
If the segments were longer than 5 em., it was impossible to avoid kinking, 
and the kinked area usually suffered more damage, due to mechanical rubbing 
with respiratory movements, or to impaired cireulation. The mesentery of 
such short loops, however, tended to shrivel to a threadlike pedicle, easily 
stretched or compressed by the other abdominal contents. If cannulae were 
not maintained at a straight angle with the loop, 1 edge rubbed the mucosa, 
and where perforations occurred this appeared to be a chief cause. Mucus 
occasionally plugged the outflow cannula, causing a rise of pressure above the 
standard. 

The esophagus, on the other hand, presented none of these difficulties. 
Perforation never occurred near the cannulae, and the cireulation was not dis- 
turbed by the experiment. Moreover, owing to its greater susceptibility, and 
the resulting short duration of the experiment, the esophagus provided a test 
organ which could be used without seriously disturbing the water and acid- 
base balanee, shown to be a factor in long perfusion experiments. '* 

Perfusion of Esophagus With Gastric Juice and With Hydrochloric Acid.— 
The esophagus was perfused in the same manner as just described. Hydro- 
chlorie acid of pH 1 and 2 was compared with canine gastric pouch juice ad- 


TABLE II. COMPARISON OF DIGESTIVE POWER OF CANINE GASTRIC PoUCH JUICE AND HypbRo- 
CHLORIC ACID OF THE SAME PH ON THE ESOPHAGUS OF CATS* 


























— HY DROCHLORIC ACID | 7 GASTRIC POUCH JUICE 
é TIME OF pH | | TIME OF | 
DURA- |GRADE]|PERFORA-|BURSTING] (AD- DURA- | GRAD®|PERFORA-|BURSTING 
ANI- TION OF TION cere JUST- | ANI- TION OF TION |STRENGTH 
pH| MAL |/HOURS)|ULCER|(HOURS)|(MM.HG)| ED) | MAL | (HOURS) | ULCER | (HOURS)|(MM. HG) 
1 15 11.5 5 11.5 l 23 0.5 5 0.5 | 
16 12.0 2 430 24 1.0 a 1.0 
17 12.0 2 500 25 2.0 5 2.0 
18 5.0 Fy 9.0 "6 is a La 
2 19 3.5 2 1200+ 2 27 2.3 a a 
20 2.0 0 1200+ 28 2.0 3 900 
21 12.0 3 530 29 4.5 5 4.5 
22 12.0 2 1200+ 30 4.0 5 4.0 








 ¢ 


*Loops were perfused with 25 c.c. per hour at 20 cm. H2O pressure and 37 
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justed to pH 1 and 2. “The essential difference between the 2 types of solution 
is presumably the presence of pepsin in the gastric juice. As might be ex- 
pected, the plain acid was less damaging (Table II). This finding agrees with 
the work of Matzner and Windwer (1937), Schiffrin and Warren (1942), 


Driver and associates (1945), and others. 

Perfusion of the Esophagus of Living and Dead Cats.—In so rapid a proe- 
ess as the digestion of the cat’s esophagus just deseribed, reparative and pro- 
tective mechanisms scarcely had time to operate effectively. Perfusions were 
carried out in the same manner as in the first 2 experiments, but using now 
a pair of eats, 1 of which was killed a few minutes before the flow of juice was 
It is apparent from the data (Table III) that little difference exists 


started. 
In 1 instance the esophagus in a dead cat was more resistant 


in the 2 groups. 
than that in the live member of the pair. 


TABLE III. COMPARISON OF VULNERABILITY OF THE ESOPHAGUS IN DEAD AND LIVING CATS 
PERFUSED WITH CANINE GASTRIC JUICE OR HYDROCHLORIC ACID 

















LIVING CATS DEAD CATS 
| TIME OF 
CAT | GRADE |} PERFORA- |BURSTING! CAT GRADE| TIME OF 
NUM- |DURATION| OF TION |STRENGTH| NUM-|DURATION| OF | PERFORA- 
TYPE OF FLUID | BER | (HOURS) |ULCER| (HOURS) |(MM.HG)| BER | (HOURS) |ULCER| TION 
Canine gastric 1 2.0 5 2.0 8 1.3 5 1.3 
juice, unstimu- 2 2.5 5 2.5 9 1.5 5 1.5 
lated 3 0.5 5 0.5 10 0.5 5 0.5 
+ 1.1 5 1.1 11 1.5 5 1.5 
5 1.6 5 1.6 12 0.9 5 0.9 
0.1% HCl 6 12.0 2 500 13 5.0 5 95.0 
7 12.0 2 430 14 9.0 5 9.0 





ligation of the Pylorus, Injection of Histamine.—The pylorus of 14 eats 
was ligated using a cloth tape. As recorded in Table IV, some animals were 
given histamine-in-beeswax mixture before operation, and all but 1 received 
it afterward. The animals reteched and vomited at intervals throughout the 


TABLE IV. CHANGES PRODUCED IN THE STOMACH AND ESOPHAGUS OF CATS BY LIGATION OF 
THE PYLORUS AND INTRAMUSCULAR INJECTIONS OF HISTAMINE IN BEESWAX 








HISTAMINE-IN- 




















BEESWAX POSTOP. | ESOPHAGUS STOMACH 
| (15 MG. DAILY) | pay sac- BURSTING BURSTING 
PREOP. {POSTOP.| RIFICED SEVERITY OF STRENGTH SEVERITY OF STRENGTH 
ANIMAL (DAYS )|(DAYS)]| OR DIED ESOPHAGITIS (MM. HG) GASTRITIS (MM. HG ) 
l 3 2 2 Moderate 820 Moderate 185 
2 0 1 1 Slight 1200+ None 170 
3 0 3 3 Slight 930 None 330 
4 0 ‘ 7 Severe 80 None 155 
5 0 1 ] Severe Perforated Severe Perforated 
6 2 1 1 Severe 270 None 190 
rf 1 1 1 None 1200+ None 210 - 
8 3 3 3 Moderate 970 None EL 
9 0 5 5 Severe 440 None 180 
10 2 2 2 Severe 320 None 190 
11 0 5 5 Moderate 935 None 145 
12 0 5 5 Slight 1200+ None 210 
13 1 1 1 None 1200+ None 220 
14 0 0 4 Slight 500 None 148 
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experiment. They were given fluids by subcutaneous infusion. Although 
both stomach and esophagus were exposed to the histamine-stimulated gastric 
juice, the esophagus was much more frequently and severely damaged. The 
lower part of the esophagus, just above the cardia, was most affected (Fig. 2). 
Gradation of the esophagitis was as follows in this and the subsequent experi- 
ments: ‘‘slight,’’ reddening of the mucosa; ‘‘moderate,’’ areas of brownish 
discoloration, showing penetration of the submucosa; and ‘‘severe,’’ black, 
jelly-like areas of necrosis, or perforation. 

Ligation of the Duodenum, Injection of Histamine.—These experiments 
are similar to those in the preceding group, except that the ligature was 
placed around the duodenum below the bile and pancreatic ducts. The esopha- 
gus showed only slight damage, and the stomach none (Table V). Evidently, 
neutralization of the acid and inactivation of pepsin had occurred, and the 
addition of bile and pancreatic juice to the solution bathing the esophagus was 
not damaging. The pH of this fluid as measured at post-mortem was around 5. 
TABLE V. CHANGES PRODUCED IN THE STOMACH AND ESOPHAGUS OF CATS BY LIGATION OF THE 


DUODENUM BELOW THE PANCREATIC DucTS AND INTRAMUSCULAR INJECTIONS 
OF HISTAMINE-IN-BEESWAX 








HISTAMINE-IN- 




















| BEESWAX POSTOP. ESOPHAGUS STOMACH 
(15 MG. DAILY) | pay | BURSTING | ~~ | BURSTING 
PREOP. | POSTOP. EXAM- SEVERITY OF | STRENGTH | SEVERITY OF | STRENGTH 
ANIMAL |(DAYS)| (DAYS)| INED ESOPHAGITIS | (MM. HG) GASTRITIS | (MM. HG) 
l ] 1 1 None 1200+ None 165 7 
2 5 4 4 Slight 1200+ None 210 
3 1 2 2 None 1100 None 195 
+ 5 7 7 Slight 1150 None 195 
5 5 3 3 None 1200+ None 168 
6 1 1 1 None 1200+ None 210 
r 0 4 4 None 1100 None 176 





Apomorphine and Histamine.—The administration of 5 mg. doses of apo- 
morphine subcutaneously provoked severe retching and vomiting in eats. 
The dose was repeated every 2 hours. No gross esophagitis was produced by 
this means alone, when continued for 2 days. When histamine-in-beeswax 
mixture was also given, esophagitis was produced (Table VI). In no instance 
was any change in the gastric mucosa ‘apparent. 


TABLE VI. THE EFFECT PRODUCED BY INTRAMUSCULAR INJECTION OF HISTAMINE-IN-BEESWAX 
AND SUBCUTANEOUS INJECTIONS OF APOMORPHINE ON THE ESOPHAGUS IN CATS 











NO.OF INJEC- | 
NO. OF INJECTIONS OF TIONS OF | DURATION OF 





HISTAMINE-IN-BEESWAX APOMORPHINE EXPERIMENT | SEVERITY OF 

ANIMAL (15 MG.) (5 MG. ) | (DAYS ) | ESOPHAGITIS 

1 1 5 i, Slight 

2 1 24 9 Severe, ulcer 

(8th day) 

3 2 13 2 Moderate 

4 2 18 3 Moderate 

5 3 43 11 Moderate 

(9th, 10th, and 11th days) 
6 Aqueous histamine, 0.25 12 2 Mild 


mg. every 2 hr., 12 doses 
7 Same as 6 12 2 Mild 
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Increased Intracranial Pressure-—These experiments were suggested by 
the association which has been noted between intracranial disease and esopha- 
gitis in human beings. Through a small trephine opering in the parietal re- 
gion a balloon was inserted extradurally and the wound was closed around the 
tube leading into the balloon. Experiments were begun on the following day. 












Cat - ligation of pylerus 
Sais acu es Mia 


MEI Le : aE HY ENS CRS | 


of esophagitis in a cat, following ligation of the pylorus and ad- 
ministration of histamine. 


Fig. 2.—Moderate degree 





Severe esophagitis in a cat which vomited repeatedly during two days of increased 


Fig. 3. 
intracranial pressure and histamine injections. 





In 4 cats, increased pressure sufficient to produce a comatose state was main- 
tained for 2 days. No esophagitis was produced. The eats did not vomit. 
In 10 eats, increased intracranial pressure combined with injections of 
histamine-in-beeswax resulted in some degree of esophagitis in all but 2 
(Table VII and Fig. 3). Three of the cats vomited, 2 of them persistently. 
Cats oecasionally vomit once or twice after an injection of histamine-in-bees- 
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wax. Of 8 eats given daily injections of 15 mg. of histamine-in-beeswax for 
from 26 to 45 days, 1 developed gastric ulcer and 4 developed duodenal] ulcers, 
but none had esophagitis. In those eats which had esophagitis with increased 
intracranial pressure, but had not vomited, the esophagus was found at post- 
mortem to be slightly distended and to contain gastrie contents. 


TABLE VII. EsopuHagitis In Cats RESULTING FROM INCREASED INTRACRANIAL PRESSURE AND 
INTRAMUSCULAR INJECTIONS OF HISTAMINE-IN-BEESWAX 














NO. OF | | 
INJECTIONS 
HISTAMINE-IN- GASTRIC CON- | 
BEESWAX TENTS IN | 
ANIMAL (15 Ma.) VOMITING ESOPHAGUS | DEGREE OF ESOPHAGITIS 
1 1 None Present Mild 
2 2 None Present Moderate 
3 3 Frequent Present Severe 
4 2 None Absent None 
5 1 None Present Severe 
6 2 None Present Severe, ulcer 
7 ] None Absent Mild 
8 2 Frequent Present Severe, bleeding 
9 2 Oceasional Present Severe, almost perforated 
10 2 None None None 





Dogs 


Perfusion of the Isolated Esophagus and Stomach With Gastric Juice.—In 
order to form a basis of comparison with the experiments on the human 
esophagus to be described subsequently, the esophagus was carefully excised 
from each of 12 dogs and immersed in a saline bath kept at 37° C. The dogs 
had been dead from a few minutes to 10 hours, and had not been refrigerated. 
Perfusion at 20 em. of water pressure was then carried out, using canine gas- 
trie juice, at a rate of 25 ee. per hour. Perfusion continued until the loop 
perforated, and the duration was noted. It ranged from 20 minutes to 21% 
hours. 

The excised stomach, esophagus, and duodenum from 8 other dogs were 
perfused in continuity in the same manner. The pressure used, 20 em. of 
water, was sufficient greatly to distend the stomach, which perforated in from 
8 minutes to 1144 hours, in the fundie region. The esophagus was reconnected 
and the perfusion continued, with perforation of that organ occurring in from 
13 to 60 minutes thereafter. The duodenum showed only superficial necrosis. 
The longer the dogs had been dead, the more readily the stomach perforated. 

In 4 additional experiments the stomach was prevented from distending 
by fastening it in a net of gauze. In a freshly-killed dog the stomach and 
esophagus were found perforated at about the same time—54 minutes. The 
other 3 developed perforation of the stomach first, in from 10 to 42 minutes 
from the start of perfusion. 

The pressure of 20 em. of water, which was used in all the perfusion ex- 
periments, is to be contrasted with the bursting pressures in the intestinal 
tract of normal animals. Average bursting pressures found in 10 normal dogs 





y 
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shortly after death were as follows: esophagus, 1,130 em. of water; stomach, 
112 em. of water; and jejunum, 657 em. of water. Kinsella and associates** found 
the bursting pressure of the human stomach to average 76 em. of water in 33 
observations on cadavers; bursting pressure of 29 esophagi averaged 251 em. 
of water. Burt® reported similar ratios of strength in human eadavers. 





Ligation of the Pylorus, Injection of Histamine.—Experiments exactly simi- 
lar to those deseribed in eats (under ‘‘Ligation of the Pylorus, Injection of 
Histamine’’) were performed on dogs of various sizes. The daily dose of his- 
tamine-in-beeswax was 30 mg. of the kase. Parenteral fluids were given daily 
until the animal died or was sacrificed. The results are similar to the findings 
in the cat (Table VIII). There was frequent retching and vomiting, and the 
esophagus was more severely damaged than the stomach. Two of the dogs had 
bilateral subdiaphragmatie vagotomy at the time of pyloric ligation. There 
was less vomiting in these dogs, and 1 failed to show any esophagitis after 
24 hours (Table VIII). Two dogs with pylorie ligation, in addition to 
those listed in the table, were fluoroscoped at intervals during the 2 days 
after operation, using a thin, watery contrast medium instilled through a 
stomach tube. It was thought that pyloric obstruction and gastrie dilatation 
might result in relaxation of the eardia. But, although the stomach was dis- 
tended with fluid and air, the eardia always appeared to be closed, even when 
the animal was suspended by the hind legs, and there was no reflux into the 
esophagus until the dog actively vomited. 


TABLE VIIT. CHANGES PRODUCED IN THE STOMACH AND ESOPHAGUS OF DoGs BY LIGATION OF 
THE PYLORUS AND INTRAMUSCULAR INJECTIONS OF HISTAMINE-IN-BEESWAX 








DAILY INJEC- — 
TIONS OF HIS- 
TAMINE-IN- 





BEESWAX POSTOP. HOUR SEVERITY OF SEVERITY OF 

ANIMAL (30 MG.) EXAMINED ESOPHAGITIS GASTRITIS 

1 2 72 Moderate None 

2 : 96 Slight Slight 

3 2 29 Severe; perforation Moderate 

+ 3 72 Severe Slight 

5 1 22 Severe; perforation Moderate 

6 3 72 Slight None 

7 1 18 Severe; perforation None 

8 1 28 Severe; perforation Slight 

9 l 24 Slight None 

10 2 48 Moderate Slight 

11 1 24 Severe Severe; perforation 

12 2 30 Moderate None 

13 1 24 Moderate None 

14* 1 24 None None 

15* 2 48 Moderate None 





*Had bilateral subdiarhragmatic vagotomy at the time the pylorus was ligated. 


Apomorphine, Histamine, and Ether Anesthesia—Two dogs were given 10 
mg. doses of apomorphine subeutaneously at 2 hour intervals during the day- 
time for 2 days. They vomited, usually several times, after each dose. After 
about 1 hour they often resumed eating. They were sacrificed at the end of 
the second day. No esophagitis was present. 
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our dogs were anesthetized with ether given by mask for 1 ‘our daily, 
and saerificed at the end of 5 days. The dogs had occasional vomiting, 
anorexia, and a small weight loss. There was no esophagitis. In 1 instance, 
the dog having been killed with an overdose of ether and examined immedi- 
ately, bile had stained the greater part of the esophagus. The mucosa was 
unstained for a distance of 1.5 em. just above the junction of gastric and 
esophageal mucosa, indicating that the cardia may have closed atter regurgita- 
tion and trapped fluid in the esophagus. 





kFiz. 4.—Severe esophagitis in a deg in which the pylorus was tied and histumine give 
foration occurred in about twelve hours. 





Fiz. 5.—Severe esophagitis in a dog following injections of histamine and apomorphine with 


repeated vomiting. 


Eight dogs given ether in the same way were also given 30 mg. of his- 
tamine-in-beeswax daily. At the end of 5 days only 1 was found to have slight 
esophagitis, the lowest 2 em. being affected. Four of the dogs had duodenal 
uleers and 1 had a duodenal erosion. The dogs were unable to eat normally 
because of the effects of the ether. 

Six dogs were given apomorphine and histamine in the same doses used 
in the previous groups. Two died on the first day, apparently of apomorphine 
poisoning. They had no esophagitis. The others were sacrificed on the see- 


ond day, and ali had esophagitis of some degree (Fig. 5). 
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TABLE IX. THE Errect PropuceD By APOMORPHINE, HISTAMINE, AND ETHER ANESTHESIA ON 
THE Esopnacus or Dogs 














INS 


1¢ 








NO. INJECT 
(SUB- NO. INJECTIONS | NO. OF DAYS OF 
CUTANEOUS) OF] OF HISTAMINE ETHER 
APOMORPHINE IN-BEESWAX ANESTHESIA DEGREE OF OTHER 
ANIMAT, (10 M@. ) (30 MG.) (1 HR. DAILY ) ESOPHAGITIS FINDINGS 
1 10 — None 
2 10 None 
3 3 None Bile in esopha- 
gus 
4 5 None 
3D a None 
6 6 None 
z 4 4 None 
8 5 5 None Duodenal ulcer 
9 5 5 Slight Duodenal uleer 
10 6 6 None Duodenal ulcer 
LB 5) ) None 
12 4 4 None Duodenal ero- 
sion 
13 5 5 None Duodenal uleer 
14 5 5 None 
15 S ] None 
16 12 2 Slight 
WT] 12 2 Slight 
18 5 1 None 
19 12 2 Slight 
20 12 2 Severe 
21 10 2 2 Moderate 
22 11 2 2 Severe 
33 12 4 4 Severe 








| 
| 





A final group of 4 dogs received histamine, apomorphine, and ether anes- 
thesia for from 2 to 4 days. The apomorphine was given 3 times daily. This 
group had the most severe esophagitis (Table LX). 

These experiments illustrate the fact that if the stomach contains much 
acid, vomiting and regurgitation can produce esophagitis in a short time. 
Ether was used beeause it produces more nausea and vomiting than other 


anestheties. ; 
ITuman Beings 





Perfusion of the Isolated Esophagus.—Esophagi were obtained from 9 
cadavers and perfused with canine gastrie juice. Ages of the patients ranged 
from 17 to 75. Six were male and 3 female. Each had died of causes un- 
related to the esophagus. The time interval between death of the patient and 
the beginning of the experiment was from 2 to 4 hours in the first five patients ; 
10 hours in the sixth, and 2 weeks in the last 5. The esophagus was kept re- 
frigerated in a wet towel until used. Perforation of the esophagus occurred 
after the following intervals, listed in the order just given: 35, 45, 30, and 14 
minutes, 3 hours, 26, 54, 34, and 67 minutes. Evidently the differences were 
not related to the time after death at which the experiment was performed. 


Rabbits 


Perfusion of the Esophagus and Stomach With Gastric Juice.—This ex- 
periment followed the same pattern as that in cats. Perforation of the esopha- 
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gus in 4 living rabbits occurred after 1 to 114 hours of perfusion; in 4 dead rab- 
bits the time was 14 to 114 hours. In 2 rabbits of each group the stomach was 
perfused in continuity with the esophagus. The stomach showed some digestion 
put did not perforate in the live rabbits. In the dead ones, the stomach per- 
forated in from 10 to 30 minutes, having become greatly distended, and the 
experiment was continued by recannulating the lower end of the esophagus. 
When the stomach was prevented from distending by use of a gauze envelope, 
in excised specimens from freshly-killed rabbits, the esophagus perforated 
first, but the stomach was so decomposed that it ruptured when handled. 

ligation of the Pylorus, Injection of Histamine.—Of 6 rabbits in which the 
pylorus was ligated and 10 mg. of histamine-in-hbeeswax given the same day, 
only 1 survived as long as 24 hours, and none had esophagitis. 

Apomorphine and IHistamine.—Attempts to produce vomiting or regurgita- 
tion by the use of these drugs in 4 rabbits failed, and there was no esophagitis. 
Thumas*® was unable to induce vomiting in rabbits even when a glass tube was 
placed in the eardia, the pylorus was ligated, the stomach filled with water, and 
apomorphine given. 

Rats 


Ligation of Pylorus, Injection of Histamine.—The duodenum of rats was 
ligated just below the pylorus and above the bile and pancreatie ducts. The 
animals were given 1 or 2 infusions of saline solution and were sacrificed from 
12 to 24 hours after operation. Some were given histamine-in-beeswax (Table 
X). Examination showed that no change had taken place in the glandular 
part of the stomach, but both the esophagus and the proventriculus, which 
are lined by squamous epithelium, were severely digested (Fig. 6). Histamine 
alone produces ulceration of the proventriculus.‘ In the present experiments 
vomiting did not oeeur, but there was evidently regurgitation into the esopha- 
gus. In another series of rats which were not fastened sufficiently long be- 
fore operation, some food was present in the stomach when the pylorus was 
tied. None of these developed esophagitis. 


TABLE X. CHANGES PRODUCED IN THE STOMACH AND ESOPHAGUS OF RATS BY LIGATION OF 
THE PYLORUS AND INTRAMUSCULAR INJECTIONS OF HISTAMINE-IN-BEESWAX 








DOSE OF | 
POST-WORTEM FINDINGS 














NUMBER | HISTAMINE- | POSTOP. es 
OF | IN-BEESWAX HOUR GLANDULAR 
ANIMAIS ( MG. ) EXAMINED ESOPHAGUS PROVENTRICULUS STOMACH 
4 0 12 Negative Uleers in 3 Negative 
6 0 18 Uleers in 5 Uleers in 5 Negative 
5 10 15 Uleers in 5; 1 per- Uleers in 5; 1 per- Negative 
forated forated 
+ 10 18 Uleer in 1, perfo- Uleer in 4 Negative 
rated 
5 10 24 Uleer in 2 Negative Negative 








Guinea Pigs 
ligation of Pylorus, Injection of Histamine.—Eighteen guinea pigs were 
subjected to ligation of the pylorus and injection of 5 or 10 mg. of histamine- 
in-beeswax. All] the animals died within 24 hours. None had evidence of re- 
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geurgitation or esophagitis. About 20 em. of water pressure is required to 
foree fluid into the esophagus in this animal. 


ITamsters 


Ligation of Pylorus, Injection of Histamine.-—Twelve of these animals, 
which weighed 80 to 90 grams, were subjected to the same experiment as the 
guinea pigs. The dose of histamine-in-beeswax was 5 mg. As in the ease of 
the rats, no esophagitis was produced if there was food in the stomach. Three 
well-fasted hamsters were sacrificed 24 hours after operation, having received 
1 injection of histamine. Each had black discoloration of the esophagus, and 
gastric contents were present in it. In 9 other animals the findings were 


negative. 


: ‘4 fovrs 
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two rats; ligation of pylorus and injection of histamine. 





Fig. 6.—Stomach and esophagus, 


COMMENTS 


In close proximity to the lower end of the esophagus is a fluid which is 


capable of destroying it in a short time. Protection is afforded by gravity, 


peristaltic activity, the sphineteric activity of the cardia, and the mucous 
secretion of the esophageal glands. The incidence of esophagitis found at 
routine post-mortem examination may be as high as 7 per cent.’® Ulcers are 
found in 0.16 per cent.2* Clinical states in which vomiting or regurgitation is 
a feature may result in esophagitis, perforation of the esophagus, or stricture, 


sometimes after apparently minimal injury.*" °° 
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Most writers on esophagitis have concluded that one of the primary eaus- 
ative factors is contact of acid gastrie juice with the esophageal mu- 


»9 


cosa.® % 27) 38, 3% 4% 51 Other factors—foei of infection,?® circulatory insuffi- 


), 29 


ciency,** general debility, neurogenic influence,!* !* *' and so on—are dis- 
cussed at some length but have little evidence in their support. 

Our experiments certainly favor the idea that nonspecific esophagitis is 
due primarily to the action of acid-peptie juice. The similarity between dead 
and living animals, insofar as susceptibility of the esophageal mucosa is con- 
cerned, argues against the importance of either circulatory or neurogenie¢ in- 
fluences. 

The protective action of the cardia may be lost in comatose states or un- 
der anesthesia, where the position of the patient may favor regurgitation. 
Normally the cardia remains closed except during swallowing or belehing.** 
Cardioesophageal relaxation was found in 4.6 per cent of a series of patients 
x-rayed by Robins and Jankelson (1926). They noted no esophagitis in these 
patients. Nausea without vomiting may be accompanied by relaxation of the 
sardia.** *° Robins and Jankelson noted that atropine could produce eardio- 
esophageal relaxation in patients not having it otherwise. The idea has been 
expressed that the cardia undergoes a spasmodie contraction after regurgita- 
tion, thus trapping gastric juice in the esophagus.** °° Local spasm and re- 
verse peristalsis were produced in human beings by introduction of acid into 
the lower one-third of the esophagus.** Our observations in the eat did not 
show any spasm of the cardia when severe irritation of the esophagus was 
produced. 

The question of neurogenic ulceration of the gastrointestinal traet, in- 
eluding the esophagus, was not much clarified by our experiments. It is per- 
haps significant that nearly all the patients reported upon with esophageal 
perforation associated with intracranial disease had either vomiting, a pro- 
longed comatose state,*® or prolonged general anesthesia, or the information 
on these matters was not given.’? Experiments have shown that increased 
gastric secretion and peristalsis may be provoked by stimulation of certain 
parts of the brain.* ** The innervation of the esophagus has been investi- 
gated in eats by Knight (1934). He found a true intrinsic sphineter at the 
-ardia, achalasia of which was produced by bilateral section of the vagus. The 
resulting obstruction was relieved by removal of the sympathetic innervation. 
Vineberg and Komarov (1933) found that rhythmie stimulation of the vagi in 
the neck produced a mucoid secretion with no peptie activity in dogs. Dey 
and associates (1946) found that stimulation of the thoracie vagi in dogs or re- 
flex vagal stimulation by manipulation of the upper abdominal viscera could 
result in shortening of the esophagus and a hiatal hernia. Clinically, esophagi- 
tis is often associated with this type of hernia.’ ? © 14 4° Neurogenie vascular 
effects have also been considered,** but it seems unlikely, in view of the good 
preservation of the dead esophagus, that vascular changes alone would explain 
a perforation in the absence of a digestive fluid. If intracranial disease does 
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exert an effect directly on the esophagus, through stimulation of the vagus or 
sympathetic nerves, the only harmful one would appear to be relaxation of 
the eardia. 

Some writers favor the idea that perforation of the esophagus is due pri- 
marily to mechanical foree,’* * °? and there are case reports in which that 
seems probable. The presence of stricture may favor this type of perfora- 
tion.2®> Mallory and Weiss (1929) found that if a human stomach were partly 
filled with water and squeezed, the pylorus being tied and the esophagus be- 
ing partly constricted at the level of the diaphragm, a vertical linear tear in 
the lower esophagus was produeed, extending into the cardia of the stomach. 
The lesion corresponded closely to those seen in some eases of spontaneous 
perforation of the esophagus. Mallory and Weiss postulated a derangement of 
the normal series of reflexes involved in vomiting when the vomiting center 
becomes fatigued, with the result that the cardia fails to relax when the ab- 
dominal museles contract. The esophagus at the cardia may thus perforate 
after a long sieve of retching and vomiting. When this occurs, however, the 
esopnagus nas already been subjected to the corrosive action of gastrie juice. 


SUMMARY AND CONCLUSIONS 


It has been shown that contact of acid gastric juice with esophageal mu- 
cosa, Whether brought about by vomiting, regurgitation, or by direct applica- 
tion, has a very prompt and devastating effect. The same juice in contact 
with intestinal mucosa is much less damaging. Hydrochloric acid alone, in a 
coneentration similar to the zastrie juice, has a comparatively mild effect 
on the esophagus. The stomach, in living animals, but not in dead ones, is of 
course comparatively little affected by either gastric juice or acid. When bile 
and pancreatic secretion are added to the gastric juice being applied to the 
esophagus, little or no damage occurs. 

Evidently peptic activity, which requires a strongly acid medium, is the 
important factor. 

No evidence tending to relate increased intracranial pressure directly to 
the etiology of esophagitis has been obtained. It is suggested that such a re- 
lationship, as okserved clinically, may be due to retching and vomiting, which 
commonly accompany increased intracranial pressure, or regurgitation through 
a relaxed cardia in comatose states or under anesthesia. 

The prevention and treatment of nonspecific esophagitis should be pri- 
marily aimed at keeping gastric juice out of the esophagus. 
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A METHOD OF AUTOMATIC CONTROLLED RESPIRATION 
FOR ANESTHESIA IN THE DOG 


Mitton H. ADELMAN, M.D., SAmueL J. MeciBpow, M.D., ANpD 
LESTER BLum, M.D., NEw York, N. Y. 


(From the Laboratories and Department of Anesthesia of the Mt. Sinai Hospital) 


HE close integration of the experimental and clinical aspects in the expand- 

ing field of cardiovascular surgery has encouraged the refinement of labora- 
tory techniques. As procedures on the dog become more extensive, close at- 
tention must be paid to the details of anesthesia, operative methods, and post- 
operative care in order to obtain the survivals necessary for the completion of 
experiments. 

Because of the mobile construction of the dog’s mediastinum, the anesthetic 
methods formerly employed have been merely adequate and not completely 
satisfactory for the performance of thoracic operations. The need for an im- 
proved method of anesthesia has been recently recognized.’. It is our purpose 
to describe a simple, efficient apparatus which has been successfully adapted to 
our needs. 

Methods of automatie controlled respiration have been devised by Mautz? 
and Crafoord.* The mechanical respirators developed by these workers share 
the disadvantages of being cumbersome, complicated, and costly. 

A new method of automatie controlled respiration has been described by 
Adelman, Berman, and Touroff,* with a clinical report of its application in 20 
operations, of which 14 were thoracic. Its ease of operation and simplicity have 
allowed it to be employed without alteration in the laboratory. 

The essential mechanism in the apparatus (Fig. 1) is the Pneumatic Balance 
Resuscitator* which was originated by Burns’ at the Aero Medical Laboratory, 
Wright Field. It has been further investigated by Motley and co-workers.* ‘ 

The PBR is an automatic respirator which converts continuous positive 
pressure into intermittent positive pressure. This is achieved by a differential 
pressure valve. The degree of positive pressure is controlled by a pressure 
regulating device attached to the source of continuous positive pressure (oxygen 
eylinder). The only variable in the PBR is the pressure regulating device. 
The only movable parts are in the differential pressure valve and are incorporated 
as automatie adjustments. The rate of intermittent pressure breathing is an 
inverse function of the degree of positive pressure used and is not affeeted by 
any separate device on the PBR. In the presence of spontaneous respiratory 
movements, the PBR, unlike most respirators, will follow the respiratory pat- 
tern of the subject, thus effecting a form of augmented respiration. 

Received for publication, April 10, 1950. 

*The PBR is manufactured by the Mine Safety Appliance Company, Pittsburgh, Pa.; it is 
marketed as the “M.S.A. Pneophore”’ which bas received acceptance, with reservations, by the 
Council of Physical Medicine of the American Medical Association. 
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An almost airtight system is needed for proper eyeling of the differential 
valve since the elastic recoil of the lung and thorax returns the exhaled gases. 
Leaks greater than 10 per cent prevent proper cycling. For this reason the 
PBR is connected to an endotracheal tube which has an inflatable cuff. 

In a series of prolonged experiments, some involving exclusion of the heart 
with major alterations in the circulation, this method has proved of great value. 
The basic anesthetic agent used was intravenous veterinary Nembutal (30 mg. 
per kilogram). It was possible to use maximal dosage since transitory apnea 
was of no consequence. The pressure device was easily adjusted and could, in 
fact, be regulated with a sterile compress when necessary by one of the operators. 





Fig. 1.—This demonstrates the compact size cf the Pneumatic Balance Resuscitator. 
The tubing is of convenient length. Oxygen is delivered at continuous positive pressure through 
the pressure-regulating valve, A, and converted into intermittent positive pressure by the 
differential pressure valve, B. The PBR is connected directly to the endotracheal tube. 


In general, a pressure range of 10 to 15 em. H,O sufficed for dogs weighing 
12 to 30 kg. The ease with which the presenting lung could be packed off and 
the stability of the mediastinum were notable. When reinflation was needed 
and the chest was prepared for closure, flicking the valve to 25 to 30 em. HO 
pressure expanded the lungs completely. 

The only mechanical defect encountered was a leaking cuff on one of the 
endotracheal tubes. This can be promptly recognized by cessation of the click- 
ing sound which is slight but clearly audible when the PBR is eyeling properly. 
The oxygen tank and attached PBR take up little space and can be easily 


moved about. 
SUMMARY 


A simple, economic method of maintaining automatic controlled respiration 
in the anesthetized dog is described. 
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COLUMNAR-CELL AND SQUAMOUS-CELL CARCINOMA 
(ADENOACANTHOMA) OF THE THYROID GLAND 


Béia Havpert, M.D., anp WILLIAM G. Tuuss, JR., M.D., Houston, TExas 


(From the Laboratory Service, Veterans Administration Hospital, and the Department of 
Pathology, Baylor University College of Medicine) 


ee columnar-cell and squamous-cell, so-called adenoacanthomas, 
occur with some frequency in the uterus and lungs,? more rarely in the 
gall-bladder, esophagus,® stomach,*® rectum,! mammary glands,‘ and elsewhere. 
Recently Ross’ reported a mixed squamous-cell carcinoma and papillary adeno- 
carcinoma of the thyroid gland in a 61-year-old Greek man. According to Ross, 
squamous-cell carcinoma of the thyroid gland has been occasionally reported, 
but not the simultaneous occurrence of squamous-cell carcinoma with any other 
type of carcinoma. Recently we had oceasion to observe a patient with car- 
cinoma of the thyroid gland, which on microscopic examination disclosed a 
pattern similar to that described by Ross. We believe that this is the second 
recorded case of columnar-cell and squamous-cell carcinoma of the thyroid 


gland. 
REPORT OF CASE 


R. S., a 28-year-old white printer, was admitted to the Veterans Administration Hospital, 
Houston, Texas, Aug. 1, 1949, complaining of a choking sensation for 5 months. He stated 
that the difficulty in swallowing was most marked when his head was turned to the right, for 
then he felt that something was squeezing on his throat. At about the same time he noticed a 
lump on the right side of the neck. He lost approximately 8 pounds in weight, though hi» 
appetite remained good. 

On admission, the temperature was 98.6° F., pulse rate 84, respiratory rate 20, and 
blood pressure 126/74 mm. of mercury. Positive physical findings were limited to the neck. 
The thyroid gland was diffusely enlarged and firm. In the right posterior cervical triangle 
there was a discrete and movable lymph node 2 em. in diameter. Two other nodes were 
palpable in the left anterior cervical triangle. Examination of the blood and urine gave 
essentially normal results. The Kahn test of the blood was negative. Cholesterol was 173 
mg. per cent. The basal metabolic rate was minus 10 per cent. An electrocardiograph was 
normal. Roentgenograms of the neck revealed slight deviation of the trachea to the left 
at the level of the fourth and fifth cervical vertebrae. On fluoroscopic and radiographic 
examination the esophagus was slightly deviated to the left just above the sternum. Roent- 
genograms of the lungs and skeleton revealed no abnormalities. 

On Aug. 19 a right hemithyroidectomy with right neck dissection was performed. At 
operation the thyroid gland was slightly enlarged, hard, and the entire gland was involved 
by a neoplastic process. On the anterior surface of the gland there were 2 small firm lymph 
nodes which on frozen section examination disclosed carcinoma. The cervical lymph nodes 

Published with permission of the Chief Medical Director, Department of Medicine and 
Surgery, Veterans Administration, who assumes no responsibility for the opinions expressed or 


conclusions drawn by the authors. 
Received for publication, March 25, 1950. 
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along the carotid sheath appeared involved. An involved lymph node was also iocated in 
the right posterior triangle. The right lobe of the thyroid gland, together with sternocleido- 
mastoid muscle, strap muscles, internal jugular vein, and lymph nodes, was removed. The 
immediate postoperative course was uneventful. On Aug. 30 the patient’s voice was noticed 
to be hoarse. Examination revealed complete paralysis of the right vocal cord in the midline. 
On Oct. 14 a left hemithyroidectomy with radical neck dissection was performed. The left 
lobe of the thyroid gland was of average size and firmer than usual. There were firm en- 


wee 3 





Figs. 1 and 2.—Carcinoma, columnar-cell and squamous-cell, of the thyroid gland. The 
concentric pattern of the neoplastic epithelial cells is seen with central areas of keratinization 
adjacent tc. columnar epithelial cells in a papillary pattern (150). 
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larged lymph nodes in the parajugular area. No retrotracheal extension of the growth 
was noted. The left lobe of the thyroid gland, the sternocleidomastoid muscle, the strap 
muscles, and left cervical nodes were removed. The internal jugular vein was left intact. 
A prophylactic tracheotomy was then performed. On the second day following operation 
the patient complained of numbness and shaking. A positive Chvostek’s sign, carpal spasm, 
and increased reflexes were noted. The hypoparathyroidism was readily controlled with 
dihydrotachysterol, calcium gluconate, phosphorus, parathormone, and appropriate diet. Early 
in December the patient’s eyes became puffy, his reflexes slow, and his voice coarse. At this 
time the basal metabolic rate was minus 32 per cent. He was started on desiccated thyroid 
substance. During this period, under carefully controlled therapy the serum calcium ranged 
from 7.5 to 11.4 mg. per cent, with the phosphorus from 2.3 to 4.3 mg. per cent. Total 
protein, serum albumin, and globulin were within normal limits. The cholesterol ranged from 
135 to 282 mg. per cent. Under this management the patient has remained comfortable and 
so far has developed no signs of recurrence of the neoplasm. 

The specimen received from the first operation consisted of the right lobe of the 
thyroid gland amputated at the isthmus, measuring 5.2 by 4.3 by 1.8 em. and weighing 
28 Gm. The surface was firm and red. The cut surfaces revealed delicate gray-white 
strands radiating through the gland. Surrounding it were numerous firm lymph nodes, 
up to 1.3 em. in diameter. Also received was a portion of muscle and soft tissue with 15 
firm lymph nodes, the largest of which measured 3 by 2 by 1.5 em. On the cut surfaces 
these were yellow gray. One lymph node from the anterior surface of the thyroid gland 
was soft, red, and measured 0.8 by 0.4 by 0.5 em. On the cut surfaces it was gray white. 

The specimen received en masse from the second operation included the left lobe of 
the thyroid gland measuring 4 by 3 by 2 em.; a portion of muscle and soft tissue 8 by 
7 by 3 em. containing 4 lymph nodes each 1 em. in diameter; and a discrete, homogeneous, 
yellow, firm portion of tissue 0.8 by 0.5 em. taken from the region of one of the parathyroid 
glands. Neoplastic involvement seemed to be present in the thyroid gland and in several 
of the lymph nodes. None of the parathyroid glands were located. 

Microscopic examination of both lobes of the thyroid gland and lymph nodes disclosed 
neoplastic involvement. Columnar cells of varying height formed acinar tubular structures 
or were mounted on delicate connective tissue stalks in a papillary arrangement. Else- 
where within sheets of cells, a streamlike concentric pattern could be made out with 
central keratinization (Figs. 1 and 2). The neoplastic cells stained deeply and had 
large vesicular or compact nuclei with some in a state of division. The connective tissue 
stroma was scanty. There were occasional areas of necrosis. The two kinds of cells, 
columnar and squamous, were seen in adjacent microscopic fields. There was no essential 
difference in the appearance of the growth within the thyroid gland proper and in the 
lymph nodes. In both the extension appeared to be along lymph and tissue spaces, leaving 
scattered islands of thyroid acini or lymphatic tissue between neoplastic fields. 


Comment.—The embryonal cells forming the anlage for the thyroid gland 
are of ectodermal origin. Since the ectodermal ancestor cells are capable of 
differentiating into either squamous or columnar cells, there is no reason why 
the thyroid gland cannot be the source of squamous-cell carcinoma. Therefore 
the rarity of such carcinomas in the thyroid gland is of interest and, of more 
interest, is the even less frequent occurrence of the combination of a squamous- 
cell carcinoma with a columnar-cell carcinoma. The neoplasm reported by Ross 
oceurred in a 61-year-old man and was observed at necropsy. In our ease the 
growth occurred in a young man. Though there was extensive involvement of 
both lobes of the thyroid gland and many of the regional lymph nodes, there 
has been no clinical recurrence to date. This may be in keeping with the appar- 
ently slow growth of the neoplasm. 
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SUMMARY 


Squamous-cell and columnar-cell carcinoma of the thyroid gland, treated 
surgically, is reported in a 28-year-old man. This is believed to be the second 
such growth on record. 
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SYNOVIAL SARCOMA (MALIGNANT SYNOVIOMA) 
A Report or 60 Cases 
GrorGE T. Pack, M.D., ANp IRvinG M. ArteL, M.D., NEw York, N. Y. 
(From the Memorial Cancer Center) 


ARCOMAS arising from synovial tissue constitute an interesting clinicopatho- 
logie entity. Although the histologic features and nosology have been ade- 
quately described,’ certain clinical aspects, including the natural course of the 
disease, proper methods of treatment, expected end results, and factors which 
influence prognosis have not been well established. 

This review analyzes the pathologie and clinical features of 60 cases of 
synovial sarcoma observed at the Memorial Hospital for Cancer and Allied 
Diseases, New York, N. Y., from 1931 through 1948, inclusive. An analysis of 
a large series of synovial sarcomas observed at 1 institution may contribute 
to a better understanding of the neoplasm, afford an insight to those factors 
responsible for the undesirable results so frequently obtained in the treatment 
of malignant synovioma, and permit an appraisal of the various therapeutic 
modalities utilized in uttempts to eradicate this type of cancer. 


DEFINITION AND NOMENCLATURE 


Synovial sarcoma in this presentation represents those malignant neo- 
plasms which arise from synovial tissue—of joints, tendon sheaths, and bursae 
—and which present histologic features characteristic of synovial tissue. 

The term synovioma, introduced by Lawrence Weld Smith in 1927,° has 
been popularly accepted to designate malignant tumors of synovial tissues. 
This is perhaps unfortunate because the term etymologically connotes benig- 
nity. However, because of its universal usage and because of the tragic conse- 
quences which might result from lack of complete understanding of definition 
between pathologist and surgeon, the term will probably continue in use. If 
used, it is desirable to attach the prefix “malignant” to synovioma to emphasize 
the malignant nature of the tumor. Since the term synovioma has been used 
generally for malignant neoplasms it should never be employed to designate a 
benign lesion. 

Certain complex ambiguous names adopted to label malignant synovial 
neoplasms and based on misconceptions concerning the true nature of synovial 
tissue should be discarded. Some of these terms include sarcoma fusoglobo- 
cellular,® villous angiofibroperithelioma, synovial sarecoendothelioma,’ adeno- 
sarcoma,® reticulohistiocytosarcoma,’ epitheliosarcoma,® sarcomatous peri- 
thelioma,'! fibroendothelioma,® synovial endothelioma,? and so on. 
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HISTORICAL REVIEW 

Apparently the first recorded instance of synovial sarcoma was by Stiier, 
in 1893, according to Berger.*:! The first adequately described and proved 
ease is that reported by Lejars and Rubens-Duval in 1910.° Since then a num- 
ber of individual case reports describing the cytologic features of malignant 
synoviomas comprised the essential contributions until Lawrence Weld Smith 
in 1927° presented a pathologie and clinical description and introduced the 
term synovioma. Additional case reports by Wegelin’® (1928), Prym’* (1930), 
Wagner® (2 cases, 1930), and Diez!? (1931), who reviewed the literature to 
that date, aided in establishing this malignant tumor of synovial tissue as a 
distinct entity. Sabrazés and his associates?-* (1932) focused attention upon 
the malignant neoplasms of joints and contributed to an understanding of the 
pathogenesis of malignant synoviomas. Leila Charlton Knox" (1936) reported 
3 eases observed at St. Luke’s Hospital, New York, and gave a detailed deserip- 
tion of the elinical and pathologie features. A thorough study of the patho- 
logie characteristics of 5 cases was made by Berger’ (1938), and his critica! 
review of the reported cases in the literature presented the cumulative knowl- 
edge of this malady to that date. He collected but 21 authenticated cases of 
synovial sarcoma (ineluding 5 of his own eases) from the world literature to 
1938. 

Berger further analyzed carefully the reported cases of tumors arising 
from the bursae, articular surfaces, and tendon sheaths, and established the 
faet that neoplasms arising from each of these sites originate from the same 
type of tissue (synovial tissue) and hence should be classified under the same 
oneologie heading'—synovial sarcoma. 

The nosology of synovial sarcomas must of necessity depend upon the 
nature of synovial tissue, and various theories have been advanced to define 
synovia. Some of these are: 


1. It is an epithelial structure (von KO6lliker,'* Soubbotine,’’ and Mayeda’’), 
which possesses the ability to secrete an articular fluid. 

2. It is an endothelial tissue (Bichat,'’ His,'® Kaufmann,'® and Aschoff?°). 

3. It represents modified cartilage (Luboseh*'), or is derived from eartilage 
(Tourneux”?). 

4. It is a very cellular connective tissue (Hueter,?* Hagen-Torn,?* and 
Ilammar?’). 

5. Synovial cells belong to the reticulo-endothelial system and as such are 
active in the transformation of blood pigment and in phagocytosis (France- 
schini®® and Sabrazés and associates?*). 

6. Synovia represents a specialized, differentiated type of mesodermal 
cells. It produces as its ground substance a mucinous material and conse- 
quently may be classified in the same eategory as cartilage and bone, which 
cells elaborate a ground substance. The essential differentiation between the 
ground substanee of cartilage and bone and synovial tissue is that the former 
2 are solid, while the latter is liquid, particularly adapting it to its function 


of lubrication of the joint surfaces (Vaubel*’). 
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As a result of these divergent views, neoplasms arising from synovial 
tissue have been governed by the same theories and have thus been ascribed to 
different tissue types. Thus, malignant synoviomas have been considered by 
some to be derived from endothelial structures and hence were called endo- 
theliomas (Lejars and Rubens-Duval,® and Wagner®). Others attributed a 
histocytie nature to synovial tumors (Berger,! De Santo and co-workers”*’), 
while more recent authors ascribed to the belief that the prototype cell from 
which synovial tumors originate is a specialized type of mesothelial cell 
(Knox,'* Morton,?® Haagensen and Stout,*° and Murray and associates*’). 

Tissue culture studies of normal synovial tissue by Vaubel?? and the more 
recent, brilliant studies reported by Murray, Stout, and Pogogeff*! on the in 
vitro culture characteristics of normal synovial cells and the cells from human 
synovial sarcoma have aided in clarifying this subject. These authors have 
demonstrated that the 2 apparently morphologically distinet cell types which 
coexist and display cancerous properties in synovial sarcomas are not gener- 
ically separate, for in tissue cultures the same cell may assume either form. 
They believe the cell to be mesothelial. 

As the pathologie features became recognized, the attention of certain in- 
vestigators was directed to the clinical characteristics. Coley and Pierson*? 
(1937) presented the clinical courses of 15 patients observed at the Memorial 
Hospital to that date. An excellent presentation of 16 cases by De Santo, 
Tennant, and Rosahn** (1941) correlated the pathologic characteristics with 
the clinical courses and evaluated the therapeutic attempts to eradicate the 
neoplasm. Reports of 4 cases by Jaffee and Lichtenstein** (1941) and 5 eases 
by Briggs** (1942) from the Army Medical Museum aided further in estab- 
lishing the elinicopathologic features of synovial sarcomas. 

Haagensen and Stout*® (1944), after establishing criteria for diagnosing 
synovial sarcoma derived from tissue culture studies of both normal synovial 
tissue and synovial sarecoma,* studied all reported cases in the literature 
(which numbered 95) and added 9 eases from their own experience. These 
authors emphasized the over-all poor results obtained in the treatment of 
synovial sarcoma. Individual case reports have described the methods em- 
ployed in the treatment of this form of cancer.*?-** 


INCIDENCE 

During the 18-year period from 1931 to 1948 inclusive, there have been 717 
patients bearing malignant neoplasms of the soft somatic tissues studied on the 
Mixed Tumor Service of the Memorial Hospital; among these were 60 cases of 
synovial sarcoma. This group represents all patients seen with the neoplasm, 
regardless of the stage of the disease, and whether definitive therapy was given 
or not. A microscopic diagnosis was established in every instance. Accordingly, 
synovial sarcoma comprises 8.4 per cent of all malignant neoplasms of the soft 


somatie tissues. 
AGE AND SEX 


Sex.—There is no preponderance for either sex in this series. Thirty pa- 
tients were males and thirty patients were females. Other authors have de- 


scribed a predilection for the male sex.’ *° 
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Age.—-Synovial sarcoma is essentially a disease of younger adults. Sixty 
per cent of the tumors in this series occurred in patients between the ages of 15 
and 40 years. The average age of the group was 36.3 years. The youngest 
patient was 2 weeks old when the tumor was first noted and the oldest was 68 
years of age. The average age for the males was 36.7 years, not significantly 


different from 35.9 years, the average age of the females in this same series. 




































ETIOLOGICAL FACTORS 


There were no specific etiological factors for the production of synovial 
sarcoma established in this series. In certain instances, a contributory rela- 
tionship appeared to exist between the development of the cancer and such 
factors as trauma, the malignant degeneration of a benign tumor, and others. 

The Role of Trauma.—Trauma, usually a single injury, was related by 9 
patients as preceding the development of a mass. The trauma was usually 
of a severe nature. In 5 of the cases, the mass appeared immediately or shortly 
after the trauma, which suggests strongly that trauma merely ealled atten- 
tion to the tumor or possibly that hemorrhage occurred within the tumor, in- 
creasing its size (Cases 8, 20, 24, 32, 40). In one instance, a tender mass 
developed 2 months following injury (Case 15). One patient suffered trauma 
to the thigh on repeated occasions for a period of 3 years, after which a tumor 
developed at the same site, remained stationary for 6 years and eventually 
was excised (Case 23). In 1 instance, a traumatic amputation of an index 
finger was followed in 18 months by a malignant synovioma in the stump 
(Case 31). No eonelusions from these observations are warranted concerning 
the role of trauma in inciting tumor growths. 

Benign Tumors of Synovia Undergoing Malignant Changes.—The question 
of benign tumors of synovia undergoing malignant changes is raised in 3 patients 
of this series (Cases 4, 21, 22), in whom masses stationary in size had been 
present for 7, 30, and 10 years, respectively, after which rapid growth occurred. 
Each of these developed in the hand and 2 of the 3 were exceedingly malignant. 

Congenital Relationship.—A congenital relationship is suggested in Case 
1 wherein the neoplasm was noted when the child was 2 weeks of age. 

Infections and Miscellaneous.—One patient (Case 11) presented a history 
of rheumatic fever with pain and swelling of both knees and ankles for many 
vears. She developed a malignant synovioma of the left knee. No instance in 
this series suggested chronic bursitis or synovitis as precursors in the develop- 
ment of synovial sarcomas. No etiological relationship was observed between 
the occurrence of sarcoma of synovia and occupation, race, and nationality of 
the patients. No metabolic abnormalities were observed, and blood chemical 
studies, when performed, were normal in all instances. 


LOCATION 





Synovial sarcomas oceur most frequently in the extremities. The lower 
extremity was involved in 34 instances (56.7 per cent); the upper extremity 
was the site of a malignant synovioma in 24 eases (40 per cent) and 2 synoviomas 
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TABLE I. LOCATION OF 60 SYNOVIAL SARCOMAS 











NUMBER PER CENT 
ANATOMIC SITE OF CASES OF TOTAL 
Lower Extremity 34 56.7 
Thigh (including groin and buttock) 8 13.3 
Knee 13 7 
Ankle 0 0. 
Foot 11 18.3 
Toe 2 3.3 
Upper Extremity 24 40.0 
Shoulder 4 6.7 
Elbow 2 3.3 
Wrist 6 10.0 
Hand 10 16.7 
Finger 2 3.3 
Abdominal Wall 2 3.3 





(3.3 per cent) occurred in bursae of the abdominal wall. The right side was 
involved in 39 instances while the left side of the body developed synoviomas 
in 21 cases of this series (Fig. 4). 

The knee was the most frequent location for the origin of malignant 
synovioma (21.7 per cent). The foot was next in frequency (18.3 per cent), 
and the hand next in order, being the site for synovial sarcoma in 16.7 per cent 
of all cases. The observation that the hands and feet are such frequent loca- 
tions for malignant synoviomas warrants emphasis. At this institution synovi- 
omas are the most frequent sarcomas observed in the hands and feet. 

Another interesting feature concerning the location of synovial sarcoma 
is the observation that articular surfaces are so infrequently involved by 
malignant synoviomas. Most of the lesions arise in tissues adjacent to the 
articular surfaces or in extra-articular sites, arising from tendon sheaths and 


bursae. 
SYMPTOMS 


There is unfortunately no symptom complex which characterizes synovial 
sarcoma and serves to differentiate this malignant neoplasm from benign tumors 
and non-neoplastic pathologie involvement of joints, bursae, and tendon sheaths. 

The 3 initial symptoms complained of most frequently were (1) the pres- 
ence of a painless mass, (2) the presence of a painful mass, and (3) pain and 
no mass, or followed in a variable period of time by the presence of a tumor. 

Painless Mass.—Thirty-five patients (58.4 per cent) complained of a pain- 
less mass as the initial symptom. The insidious nature of the onset and the 
usual slow growth for a rather prolonged time were characteristic. The mass 
is usually small, averaging about 3 to 6 em. in diameter when first observed 
by the physician and as a rule is well delineated but not freely movable (Fig. 
8). Oceasionally the tumefaction may be diffuse, especially near a joint (Figs. 
3 and 5) and a secondary hydroarthrosis may occur. The benign clinical 
appearance results in an undue delay before the patients present themselves 
for treatment. Thus among the 35 patients for whom the initial complaint was 
the presence of a painless mass, the average delay from the onset of symptoms 
until the institution of adequate treatment was 2.4 years. 
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The growth characteristics of the tumefactions may develop along 1 of 3 
different routes: (1) They may remain stationary for many years (Cases 21, 
22) before rapid growth oceurs (30 and 10 years, respectively) ; (2) They may 
continue to grow slowly from their inception (Cases 10 and 19); (3) They 
may grow very rapidly and metastasize relatively early. Two patients (Cases 
14 and 48) presented themselves 3 months after the onset of the tumor and 
were dead 1 year later from generalized metastases. 


cd 
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Fig. 1.—Synovial sarcoma of the palmar surface of the right hand. The tumor incorporates 


the tendons of the palm. 


Painful and Tender Mass.—This symptom was observed by 13 patients (21.6 
per cent), the majority of whom sought early medical attention. The average 
delay from onset of symptoms until adequate therapy was instituted was 7.8 
months. In 1 patient (Case 23) a delay of 6 years resulted when her local 
doctor advised that nothing was wrong when she first presented herself for 
treatment. 

Pain.—Pain without the presence of a mass or the development of a mass 
after a variable period subsequent to the onset of pain was complained by 11 
patients (18.5 per cent). The average delay from onset of symptoms until 
adequate therapy was instituted was 2.7 years. There was nothing character- 
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istic about the nature of the pain to associate it with a malignant neoplasm. 
The patient usually gave a history of vague pains which gradually became 
persistent and were of a dull character and not localized. Gradually the pain 
became more intense and localized, usually about a joint, and sharp radiating 
pain developed, frequently associated with weight bearing. A mistaken diag- 
nosis of arthritis was usually made. Locking of a joint was never observed in 
this series. At various intervals following the onset of pain a tumor mass 
developed which generally focused attention upon the true diagnosis. Pain 
was most commonly associated with tumors arising from the lower extremity, 
especially tumors about the knee joint. In 1 instance a malignant synovioma 
of the seapular region heralded its presence by initial pain in the hand and 
wrist, which resulted from pressure on the brachial plexus, and the first objee- 
tive sign of tumor was metastasis in the axilla (Case 17). 

The duration of symptoms of all patients in this series from onset until 
adequate therapy was instituted averaged 22.8 months, perhaps the longest 
period of culpability for delay in treatment of any malignant tumor. 





Fig. 2.—Gross specimen of synovial sarcoma of left foot. Note infiltration of os calcaneus. 
Pulmonary metastasis occurred 5 years after amputation. 


GROSS PATHOLOGY 


Grossly, the tumor may be either encapsulated (Fig. 2), circumscribed 
with a pseudocapsule formed by pressure from contiguous structures (Fig. 6), 
or it may be diffuse, infiltrating surrounding structures, producing distortion 
of bones from pressure, or infiltrating adjacent bones (Fig. 6). Oceasionally 
pseudopodia-like extensions may emerge from the main tumor mass, 
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The size varies with the stage of the disease. Although synovial sarcomas 

may assume huge proportions (Fig. 5) they are usually not large, varying from 
4 to 8 em. in diameter (Figs. 1 and 2). 





Fig. 3.—A, Clinical appearance of a synovial sarcoma of the plantar aspect of the foot 
producing a diffuse, ill-defined bulge. B, Clinical appearance after intensive radiation therapy 
(16,000 mg. hr., using 4 Gm. radium element pack at 6 cm. distance followed by 4,050 r. de- 
livered with 200,000 kv. at 35 ecm. target-skin distance). Synovioma showed good clinical 
regression but residual sarcoma was found in foot 4 months later. 


When the neoplasm arises from tendon sheaths, especially in the hand or 
foot, it may extend to incorporate adjacent tendons and other contiguous struc- 
tures within the growth and frequently it is not possible to determine the exact 
site of origin (Fig. 1). When it originates in a digit, the growth may ex- 
tend toward the surface and the neoplasm presents itself as a subeutaneous 
nodule (Case 21), or it may cireumscribe the digit until the entire structure is 
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involved by the cancer (Fig. 6). Synovial neoplasms of the hands or feet are 
either so intimately adherent to contiguous bones (Fig. 2) or invade bone 
(Fig. 6) that it is usually impossible to separate the neoplasm from the tumor 
bed. Synovial sarcomas which arise from bursa frequently present a cireum- 
seribed mass which may present externally (Fig. 8) or infiltrate diffusely into 
surrounding muscles (Figs. 3 and 5). 

Those which arise within the articular surfaces appear as fleshy, greyish- 
red, succulent masses. Cut section usually reveals an interlacing maze of fibrous- 
like strands, winding in all directions, presenting a glistening, ropy surface. 
Sporadieally situated in this firm glistening maze of solid tumor are smaller 
and larger cystic cavities. These cavities are frequently filled with a thick, 
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Fig. 4.—Scattergram to illustrate the regional distribution of malignant synovioma. Observe 
the predilection for knee, hands, and feet. 


tenacious, gelatinous fluid which may be of a clear amber color, but not infre- 
quently is discolored a dirty red, probably from disintegrating blood. Besides 
the cystic areas are also noted small hemorrhagic areas. Scattered through- 
out the section may be small foci which are a butter yellow in color (Figs. 1 
and 6, B) with other areas of calcification. Occasionally small areas of cartilage 
or bone may be observed. 

Different tumors vary in the relative amounts of diverse structures they 
present on cut section. Some may be almost entirely solid and fleshy (Fig. 7) 
while others have relatively small amounts of solid structure and the bulk of the 
mass is composed of hemorrhagic or cystic areas (Fig. 6). All degrees of 
variations are observed. 
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Fig. 5.—A, Bulky, diffuse synovial sarcoma involving the shoulder joint. B, Same patient 
following an interscapulothoracic amputation. 





Fig. 6.—A, Clinical appearance of a synovial sarcoma of the second toe that completely 
surrounded the digit, and which later produced inguinal metastases. Generalized metastases 
eventually occurred from which the patient succumbed. B, Gross specimen of the tumor shown 
in A (enlarged 2% times), demonstrating the labulated, cerebriform appearance of the cut 
section, cystic hemorrhagic areas, and intimate attachment to bone. 
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MICROPATHOLOGY 


When one recalls that normal synovial tissue consists of 2 layers (an outer 
fibrous tissue layer and an inner layer of dendritic cells often forming villi) 
usually so intimately fused that grossly it is difficult to distinguish the sepa- 
rate layers, it is not surprising to observe the same cell types comprising 
malignant tumors of synovial origin. The 2 component parts may be com- 
pletely separate or more frequently they are intimately mingled. 

The pathognomonic cell type is an epitheloid-like cuboidal cell, with a 
large vesicular nucleus and acidophilic cytoplasm which apparently attempts 
to reduplicate structures assumed by normal synovial cells. They may form 
solid nests and adopt a fusiform shape. More frequently they attempt to form 





Fig. 7.—Cut section of synovial sarcoma of the right upper thigh. Metastases in inguinal 

nodes appeared 6 months after the surgical resection. 
villi with papillary projections extending into a cyst lumen. The shape of the 
cells that surround the cystic lumina vary from those which are flattened to 
others which may be cuboidal or high columnar. The cystic lumina are usually 
filled with a mucinlike material. It is this mucinous groundwork which easts 
a gelatinous appearance to the gross structure. The cystic spaces may vary 
in size from microscopic slits to large cysts. These structures, the cystic 
spaces surrounded by epitheloid cuboidal cells projecting in villous fashion 
into the space, constitute 1 of the most characteristic features of synovial 
sarcoma. Small red-staining intracellular dre>lets of mucin are noted when 
stained with mucicarmine. 


Fibrous tissue elements are ever-present tl ghout the tumor, which may 
manifest itself as dense sheets of malignant sp cells producing the typical 


appearance of spindle-cell fibrosarcoma. In s\: instances a careful search 


& 
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through numerous sections may be necessary to identify the pseudoglandular 
clefts characteristic of synovial sarcoma. In other instances the synovial ele- 
ments predominate and the fibrous elements merely lend support to the at- 
tempts at glandular formation by the synovial elements. They usually form 
the central core for the papillary projections. 

Every degree of differentiation may be noted by the fibrous tissue cells, 
varying from cells that are markedly anaplastic, forming distorted spindle 
shapes with marked loss of polarity and hyperchromatism, to complete dif- 


A. 





B. 


Fig. 8.—A, Synovial sarcoma of base of left thumb. 8B, After amputation of thumb and 
corresponding metacarpal bone. Eleven years later there was no evidence of local recurrence, 
but a solitary spherical metastasis appeared in the lung. This was recently treated by lobec- 


tomy. 








Volume 28 RECENT ADVANCES IN SURGERY 
Number 6 





‘ ‘ Fa ad 
han a f LF 
en 503 ine oe ee, j 


Fig. 9.—Microscopic appearance of common varieties of synovial sarcoma. A, papillary type; 
B, spindle-cell type. 
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ferentiation with apparently normal fibroblasts and fibrous tissue. All degrees 
between these extremes can be observed (Fig. 9). Silver stains may serve to 
identify the fibrosarcomatous components. 

Blood vessels, some of which may be ruptured, are usually numerous 
throughout the specimens. Certain tumors are characterized by sheets of 
synovial-like cells arranged about a central blood vessel producing a perithelial 
Oceasionally calcification, and more rarely chondrification or 


appearance. 
Numerous lipophagie and siderophagic 


osteogenic formation, may be noted. 
elements may be encountered frequently. 

The diagnosis can usually be established by the presence of the charac- 
teristic cell type, containing intracellular droplets which stain red with muci- 
‘armine, and the presence of clefts lined by flattened or cuboidal cells. Even 
in those instances where the tumor is made up almost exclusively of spindle 
cells, the distinction from fibrosarcoma can be made usually by careful search 
for the aforementioned pathognomonic features, although the search may 
Different tumors display varied degrees of malig- 


necessitate many sections. 
The clinical course is 


naney as determined by the usual microscopic criteria. 
determined usually by the degree of malignancy noted microscopically. 


METASTASES 


Metastases from malignant synovioma are usually by means of the blood 
stream and the most frequent location for metastatic deposits is the lungs. 
Pulmonary metastases were observed in 39 patients (65 per cent). The aver- 
age time from treatment at the hospital until pulmonic metastases became 
evident was 15.9 months. Any organ may be involved by diffuse metastases 
from this lesion, and widespread intra-abdominal metastases was frequently 
observed after the disease had become generalized. 

A unique feature of synovial sarcoma was its tendency to metastasize to 
regional lymph nodes. This characteristic must be considered in any thera- 
peutic attack. Involvement of regional lymph nodes (axillary and inguinal) 
was observed in 10 instances of this series (16.6 per cent). Haagensen and 
Stout list 11 instances of regional lymph node metastases.*° 

Another interesting feature concerning metastases from malignant synovi- 
oma is the fact that they may metastasize to bone. Five such instances were 
observed in the present series (8.3 per cent). One was in the skull, 1 in the 
thoracic vertebra and involved the spine, 2 in the pelvis, and 1 in the femur. 

The duration of time for distant metastases to manifest themselves subse- 
quent to therapy varies from 3 months to 5 years. As a rule, however, these 
data demonstrate that at the onset the course of the disease is usually slow, and 


metastases develop late. 
ROENTGENOGRAPHIC APPEARANCE 
There were no characteristic roentgenographie appearances for synovial 
sarcomas in this series, The usual finding was a soft tissue density, usually, 
but not necessarily, in the vicinity of a joint.*? Calcification may be present 
oceasionally, but in this series it was not observed frequently enough to dis- 
tinguish malignant synovioma from other soft tissue densities. Lewis‘* has 
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stressed the importance of calcific deposits in roentgenographs as a distinguish- 
ing characteristic of synovial sarcomas. The bones adjacent to the tumor may 
appear normal, may be distorted by pressure (Case 6), or they may be in- 
fiitrated by the primary neoplasm (Fig. 1) or its metastases. Synovial sar- 
comas, when they invade bone, produce an osteolytie lesion which is not char- 
acteristic. Knox'® believed that, in certain instances, joint tuberculosis may 
be simulated radiographically and De Santo and associates?* were of the opin- 
ion that pneumo-arthrography may improve the x-ray diagnosis of synovial 


sarcoma. 
DIAGNOSIS 


It is extremely difficult to establish the diagnosis of synovial sarcoma by 
any ieans except microscopic examination of the suspected tissue. Any sub- 
cutaneous or deeper tumor of the extremities, especially about the knee, the 
hands, and the feet, might be a synovial sarcoma. The usual small size, insidious 
onset, indolent growth, and asymptomatic nature lulls suspicion away from the 
very malignant character of the lesion. The occasional sarcoma arising from 
synovia which exists as a small, apparently benign mass for many years (10 to 
30 years in this series) directs attention to the fact that all soft somatic tumors 
of the extremities should be held in suspicion as being malignant synovioma or 
some precursor of synovial sarcoma. It is not possible from these data to 
remark on the nature of the histology of those tumors of long standing before 
their malignant characteristics become manifest. In other instances, joint 
pain, usually of a dull, nagging type, aggravated by effort but seldom inter- 
fering with joint motion, may be the signal symptom of a deep-seated synovial 
sarcoma. 

The lesion occurs most frequently during young adulthood. Both sexes 
in our series are equally affected, although other investigators note a slight 
predilection toward the male sex.*® 

Roentgenograms of the suspicious region may reveal a soft tissue density. 
This is valuable in deep-seated lesions for it serves to direct the surgeon to the 
site for biopsy. If the soft tissue density reveals calcific deposits, the sus- 
picion of synovioma is augmented. In those instances where bone destruction 
occurs adjacent to a soft tissue density, the malignant nature of the neoplasm 
is more certain. Periosteal neurosarcomas and hemangiomas create the same 
type of bone defect. A diagnosis of synovial sarcoma cannot be made defi- 
nitely or ruled out absolutely by roentgenologic evidence alone. The exact 
diagnosis must be established always by biopsy. 

Differential Diagnoses.—Synovial sarcoma must be differentiated from cer- 
tain benign tumors, other malignant tumors and various non-neoplastic involve- 
ments of joints, tendon sheaths, and bursae. 

Benign Tumors.—Chondroma and osteoma are usually harder and more 
prone to be attached to bone. Lipomas are of softer consistence. They are 
radiolucent. Xanthoma may offer difficulty in the differential diagnosis, but 
small xanthomas usually involve the flexor tendon sheath of fingers; the blood 
reveals an absolute increase in its lipids or an alteration of the ratio of choles- 


terol to cholesterol esters.** 
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Other Malignant Tumors.—Carcinomas affect the skin. Fibrosarcomas 
usually oecur in older age groups (average age in Warren and Sommer’s*® group 
is 50 years). Other malignant neoplasms which must be differentiated include 
rhabdosarcomas, liposarecomas (most frequent in retroperitoneum, axilla, and 
inguinal regions), angiosarcoma, melanosareoma, and schwannoma. 


BIOPSY 


It is important that facilities be available for the institution of definitive 
therapy as quickly as possible after the taking of a biopsy. The observation 
that no patient in this series lived 5 years after a surgical biopsy had been at- 
tempted at a variable period before the patient was referred to this hospital 
emphasizes the aforementioned statement. 

Aspiration biopsies may be indicated in those instances where the clinical 
appearance strongly suggests a malignant neoplasm (large mass with adjacent 
bone destruction, and so on) and it is desired merely to establish definitely the 
malignant nature of the tumor before submitting the patient to definitive radical 
surgery In 6 eases in this group, the malignant nature of the neoplasm was 
established by aspiration, and in 2 of these the diagnosis of synovial sarcoma 
was made from the aspirated material. The advantage of the aspiration 
biopsy is the fact that it is the least traumatic procedure available. 

A small incisional biopsy is indicated when it is necessary to obtain ade- 
quate tissue to study the histologic architecture of the mass. A small wedge of 
tissue should be excised with a sharp scalpel and every effort practiced to be as 
atraumatie as possible. No attempt should ever be made to explore into the 
tumor. Synovial sarcomas should not be locally excised in toto for histologic 
study (as practiced for breast cancer), except where the tumor is very small, 
superficial, sharply demareated, and apparently encapsulated. 

On the Mixed Tumor Service of the Memorial Hospital a method has been 
adapted which combines the biopsy performance with the institution of defini- 
tive surgery. The procedure was developed in the hope that dissemination of 
tumor emboli resulting from the trauma of the biopsy be held at a minimum. 
The method is as follows: A tourniquet is placed proximal to the lesion, an 
incisional biopsy is performed, and a frozen section studied. If the report is 
a benign tumor, a local excision is affected and the tourniquet removed. If the 
report is synovial sarcoma and an amputation is necessary, then another tour- 
niquet is applied proximal to the 1 already present and the amputation effected 
between the tourniquets. This procedure has been adopted because of the 
observation that following the trauma incident to local exeision of certain 
malignant tumors, the postoperative course is sometimes complicated by the 
presence of pulmonary symptoms. Chest roentgenograms reveal patchy, 
mottled areas which are diagnosed either as bronchopneumonia or pulmonary 
infarets. These patients return usually at later dates with definite pulmonary 
metastases present at the very sites where the postoperative pulmonary mot- 
tling was observed. It is our belief that the postoperative roentgen appear- 
anee of the lung lesions was due to tumor emboli showered there as a result 
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of the surgical trauma to the primary neoplasm. The tourniquet biopsy and 
amputation is performed in an attempt to prevent the vascular spread of such 
embolic showers. 

PROGNOSIS 


Although the over-all end results from the treatment of synovial sarcomas 
are not good, nevertheless, cures are being achieved. Analysis of the data 
from this series suggest that a higher cure rate could be obtained if the diag- 
nosis be established as soon after the onset of symptoms as possible and proper 
therapy be instituted immediately. The data of this series are analyzed ac- 
cordingly to note those factors which influenced the 5-year cure rate. The 
time that the patients were treated at the Memorial Hospital is used as the 
base line for computing survival periods. 

Recurrence Rate.—Synovial sarcomas are notorious for the high incidence 
of recurrences which develop subsequent to initial attempts at extirpating the 
neoplasm. Of the 60 patients observed at this clinic, a primary recurrence 
developed in 38, following initial attempts at local resection. This value in- 
eludes all attempts to excise the tumor, including efforts by private doctors 
as office procedures. It does not include amputations. A recurrence rate of 
63.3 per cent emphasizes the futility of attempting the excision except under 
most favorable hospital conditions, where good pathologie consultation is 
available, and one is prepared to perform the most radical surgery when indi- 
eated. The fact that in 8 of these patients the recurrence was noted within 1 
month following excision emphasizes the fact that the excision was incomplete 
and that surgical trauma may have increased the growth rate. The average 
time for the recurrence to develop following initial treatment was 15.3 months. 
Sixteen patients (26.6 per cent of the series) developed a secondary recurrence 
an average of 11.2 months following treatment of the primary recurrence. 
There were 5 instances of a third recurrence and 1 case wherein a fourth 
recurrence was observed. 


TABLE II. RECURRENCE RATE 








Total number of patients 60 
Number who developed a recurrence 38 
Percentage of all who developed a recurrence 63.3% 
Duration in months from treatment until development 

of recurrence 15.3 
Number who developed a second recurrence 16 
Percentage of all who developed a second recurrence 26.6% 
Percentage of those who developed one recurrence then 

developed a secondary recurrence 42.1% 
Duration in months from primary to secondary recurrence 11.2 





Influence of Age on Prognosis.—It is observed in Table III that the sur- 
vival rate is higher in the younger age groups. Those patients under 20 years 
of age enjoyed the highest survival incidence. No patient over 50 years of 
age in this series survived 5 years. In the 4 patients under 20 years of age, 
the survival rate was 50 per cent. Of the 34 patients under 50 years of age, 
the 5-year survival rate is 26.5 per cent. 
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TABLE III. INFLUENCE OF AGE UPON THE 5-YEAR SURVIVAL RATE 




















NUMBER OF | PERCENTAGE 
NUMBER OF 5-YEAR OF 5-YEAR 
AGE IN YEARS PATIENTS | CURES CURES 

Under 20 4 2 50 
20-29 12 3 25 
30-39 10 92 20) 
40-49 8 2 25 
50-59 3 0 0 
60-69 4 0 0 
70 1 0 0 








Influence of Sex on Prognosis.—Females apparently enjoyed a higher inci- 
dence of 5-year cures. Thus 6 of the 9 patients who were apparently free of 
disease 5 years after therapy were females. 

Influence of Location of Tumor on Prognosts.—Table IV reveals that 5-year 
cures were most numerous in those patients with malignant synoviomas of the 
fingers. Each of the 2 patients so treated was apparently cured. Lesions 
about the popliteal space also offered a fairly good prognosis with 36.3 per 
cent 5-year survival; those lesions of the thigh, including groin and buttock, 
offered a 25 per cent survival rate; and those of the hand, a 28.5 per cent sur- 
vival rate. No patients in this series with synovial sarcoma of the foot, 
shoulder, elbow, and wrist survived the 5-year period, although at this writing 
1 patient is nearing the 5-year period of definitive cure. He had a synovioma 
of the foot. The 5-year survival rate for the 23 patients with involvement of 
the lower extremity is 21.7 per cent, not significantly different from the 22.2 
per cent survival rate of the 18 patients with neoplastic involvement of the 
upper extremity. 

TABLE IV. INFLUENCE OF LOCATION OF SYNOVIAL SARCOMAS UPON THE 5-YEAR 


SURVIVAL RATE 














| NUMBER OF | PERCENTAGE 
NUMBER OF 5-YEAR OF 5-YEAR 
LOCATION | PATIENTS | CURES CURES 
Lower Extremity 23 5 21.7 
Thigh (ineluding groin and { ] 25.0 
buttock) 
Knee 11 4 36.3 
Ankle 0 0 0. 
Foot 8 0 0. 
Upper Extremity 18 4 22.2 
Shoulder 3 0 0. 
Elbow : 0 0. 
Wrist 4 0 0 
Hand 7 2 28.5 
Finger 2 2 100. 








Influence of Symptomatology on Prognosis.—Although the patients pre- 
sented a group of nonspecific symptoms, the initial one consisted of (1) a pain- 
less mass, (2) pain with no mass or followed at a later date by the presence of 
a mass, and (3) a painful mass. Reference to Table V reveals that the best 
prognosis existed for those patients whose initial symptom was the presence 
of a painful mass (38.4 per cent 5-year survival), while those patients who 
complained initially of pain with no mass revealed a 5-year survival rate of 
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TABLE V. RELATIONSHIP OF INITIAL SYMPTOM TO 5-YEAR SURVIVAL RATE 








DURATION IN 





MONTHS FROM NUMBER NUMBER OF PERCENTAGE 

ONSET UNTIL OF 5-YEAR OF 5-YEAR 
INITIAL SYMPTOM TREATMENT CASES CURES CURES 
Painless mass 31.7 23 3 13:6 
Pain; no mass 47.1 6 ? 16.7 
Painful mass 7.8 13 5 38.4 





only 16.7 per cent (14 of the previously mentioned group), and those whose 
initial symptom consisted of a painless mass revealed a prognosis of only ¥% 
of those patients who had a painful mass as the initial symptom. Reference 
to Table V further reveals that the group who enjoyed the best prognosis 
delayed least (7.8 months) from the onset of symptoms until definitive therapy 
was instituted; while in each of the other groups there were delays varying 
from 31.7 to 47.1 months, respectively. Pertaining to this feature is the ob- 
servation that in those patients whose initial symptom was the presence of a 
painless mass, the culpability for delay lay with the patients who neglected 
the slowly-growing asymptomatic mass for long periods of time before seeking 
medical attention. On the other hand, the patients who suffered pain as the 
initial symptom usually sought medical advice quickly, but the eulpability for 
delay in establishing the correct diagnosis lay usually with the medical pro- 
fession. Of the 6 patients in this group, 1 was given injections and 1 was 
given some form of light treatment; in a third, the doctor advised the patient 
not to worry about it and he did nothing. 

Influence of Type of Treatment on Prognosis.—Until recently, reliance was 
placed usually upon simple excision either alone or in conjunction with some 
form of radiation therapy or radiation therapy alone to treat synovial sarcoma. 
This conservative treatment combined with the fact that an unduly long time 
had elapsed before therapy was instituted precludes expectations for good 
results. However, analysis of Table VI, where the type of therapy is analyzed 
to rate the ability of the different methods to effect a cure, reveal some rather 


interesting data. 


TABLE VI. EFrrect OF THE TYPE OF TREATMENT AT THE MEMORIAL HOSPITAL 
Upon THE 5-YEAR SURVIVAL RATE 














NUMBER OF NUMBER OF PERCENTAGE 
PATIENTS 5-YEAR | OF 5-YEAR 
TYPE OF TREATMENT | TREATED CURES | CURES 
Surgery 
Excision 2 0 0. 
Amputation 8 0 0 
Surgical resection and postoperative 
irradiation 10 4 40.0 
Irradiation followed by surgical 
resection 4 1 25.0 
Irradiation 14 4 28.5 
No definite treatment 4 0 0. 





Surgery: No cures were obtained with surgery alone (excision and amputa- 
tion). This, of course, does not imply that surgery, including amputation, is 
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not efficacious, but rather that radical surgery has been resorted to in only the 
most extensive cases. One helpful result of this analysis has been our con- 
clusion that, in the past, radical surgical measures have been applied too late. 
Since 1943, when attempts were made to treat sarcomas of synovial origin 
primarily by radical surgery, there have been 12 patients so treated, of whom 
4 are living, an average of 3.6 years following operation. The period of 
follow-up is too short to adjudge the final result, but 2 patients are approach- 
ing the 5-year survival period, and it is anticipated that the over-all end 
results will be improved. 

Surgical resection plus postoperative irradiation: The best results in this 
series were obtained by wide surgical resection followed shortly by post- 
operative irradiation. The radiation therapy consisted usually of high voltage 
x-ray treatments (200 to 250 kv.) or teleradium with the 4 Gm. radium ele- 
ment pack. Four of the 10 patients so treated (40 per cent) were free of 
disease 5 years subsequent to therapy. In 1 instance (Case 7), on excision, 
the tumor was found attached to the phalangeal capsule, which was treated 
by large doses of x-ray therapy which eventually produced atrophy necessitat- 
ing amputation of the digit; the amputated specimen did not reveal any 
evidence of tumor. 

Preoperative irradiation: Of 4 patients treated by irradiation and followed 
by surgical resection, 1 has survived over 5 years. 

Radiation therapy alone: A rather surprising observation is the results 
obtained by irradiation given at this institution as the sole source of treat- 
ment. Of 14 patients so treated, 4 are considered 5-year cures (28.5 per cent). 
Full credit for effecting the cure cannot be attributed solely to the radiation 
therapy, because in 2 instances (Cases 9 and 11), the lesion had been locally 
excised elsewhere and irradiation was instituted at the Memorial Hospital as a 
postexcision procedure. However, in 2 other instances (Cases 13 and 18 re- 
currences from incomplete excision performed elsewhere were biopsied and 
the presence of sarcoma established. In Case 13, radiation therapy to the 
tumor resulted in atrophy of the digits and 2 years after roentgen therapy, 
the digits were amputated and no evidence of tumor noted. In Case 18, a 
recurrent mass followed a local excision of a tumor in the upper thigh which 
was diagnosed by biopsy as synovial sarcoma. It was treated by x-ray therapy 
which controlled the local disease, but a metastasis in the groin developed 8 
months later. This metastasis was treated by interstitial radon seeds and 
the patient is well 11 years and 4 months subsequent to therapy. These data 
do demonstrate that irradiation may effect a cure of synovial sarcoma in ecer- 
tain instances and reveal that certain neoplasms, although radioresistant, may 
be nevertheless radiocurable. These observations certainly do not make claim 
that radiation therapy is superior to proper surgical intervention, but do re- 
veal that radiation therapy ean be decidedly helpful either as an adjunct to 
surgery or where surgery is contraindicated as a means of attempting a cure. 
Haagensen and Stout*® condemned the use of x-ray therapy and stated that 
they have been unable to find any clear evidence that irradiation is even of 
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palliative value. The data of this series vitiate the conclusion of Haagensen 
and Stout concerning radiation therapy for synovial sarcoma. In Briggs’ 
report of 9 cases of synovial sarcoma, 5 patients were alive, 4 of whom were 
treated by local excision followed by x-ray therapy (2 of them were 5-year 
cures). 

Influence of Previous Treatment on Prognosis —Of the 42 patients in the 
series who have been followed for 5 or more years since therapy, only 7 received 
the initial definitive treatment at the Memorial Hospital. Thirty-one of the 
patients had received previous treatment consisting usually of local excision 
of the neoplasm, usually incomplete as evidenced by the fact that in 9 metas- 
tases occurred within 1 month after excision. Four patients had diagnostic pro- 
cedures (biopsy, aspiration) performed on an average of 17.5 months before 
coming to this institution. Comparison of the different groups in terms of 
5-year survival reveals that the highest cure rate (28.5 per cent) was obtained 
in those patients who were treated initially at this hospital. Those patients 
who had therapeutic attempts made elsewhere revealed a 5-year survival rate 
of 22.5 per cent. There were no cures in the patients who had biopsies or 
aspirations of the neoplasm performed at variable periods before admission. 


TABLE VII. INFLUENCE OF PREVIOUS TREATMENT ON PROGNOSIS 











TOTAL | NUMBER OF PERCENTAGE 
NUMBER OF 5-YEAR OF 5-YEAR 
TREATMENT PATIENTS CURES CURES 
Initial treatment at the Memorial 
Hospital 7 2 28.5 
Biopsy procedure preceded treatment 
at the Memorial Hospital 4 0 0. 
Initial treatment elsewhere 31 7 22.5 





END RESULTS 


Of the 60 patients observed at the Memorial Hospital, 14 are alive and 
apparently free of disease an average of 7.5 years after treatment. The end 
results are tabulated in Table VIII. It may be noted that of the 60 patients 
observed, only 42 were suitable for evaluation of 5-year survival rates because 
18 patients were treated within the past 5 years. Of the 42 patients treated 
more than 5 years ago, 8 are alive and free of disease over 5 years. The abso- 
lute 5-year survival rate is 19.1 per cent. Seven of these patients are alive 
more than 10 years after therapy (16.7 per cent). 

Of the 42 patients who were treated here over 5 years ago, 3 were lost 
to follow-up. One of these patients (Case 16) was a “clinie shopper” who 
merely came in for an examination and never returned. Two other patients 
were apparently free of disease when lost to follow-up 1 and 2 years after 
therapy. Since it is not possible to know the final outcome in these patients, 
if they be excluded from the number of cases considered for follow-up evalua- 
tion, the relative 5-year survival rate is 20.5 per cent. 

In order to adjudge the efficacy of the therapeutic attempts at the hos- 
pital and to establish a therapeutic 5-year survival rate, 5 additional patients 
are excluded from the caleulations. These patients received no definite treat- 
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TABLE VIII. FivE-YEAR END RESULTS IN CASES OF SYNOVIAL SARCOMA STUDIED AT THF 
MEMORIAL HospiTaL, NEW YorK, N. Y., 1931 THROUGH 1948 








Total number of patients 60 
Number used to compute 5-year survival 42 
(Eighteen patients were treated too recently to be considered 
in the 5-year survival rate) 
Number alive and free of disease 5 years or more after treatment 8 
19.1% 


Absolute 5-year survival rate 
Number of patients lost to follow-up before 5-year period 3 
Case 16 merely came in for an examination and never returned 
Case 30, well for 2 years, lost to follow-up 
Case 33, well for 1 year, lost to follow-up 


Relative 5-year survival rate 20.5% 
(Patients lost to follow-up subtracted from total number of patients) 
Number of patients on whom a curative procedure was attempted 
at the Memorial Hospital 7 
(Five patients when first observed suffered from marked pulmonary 
metastases and either no treatment or palliative radiation 
therapy was given) 
Number of patients used to compute therapeutic 5-year survival rate 34 
(Patients lost to follow-up [3] and those patients on whom no 
curative therapy was applied [5] are subtracted from all 
patients in the series) 
Cc 


Therapeutic 5-year survival rate 





ment because, when they presented themselves to the clinic, they were riddled 
with sarcoma, including diffuse pulmonary metastases. Either palliative radia- 
tion therapy was administered to the metastases or no treatment whatsoever 
was given to these patients. Accordingly, of the 42 patients, in but 37 were 
curative procedures instituted. Of these, 3 were lost to follow-up, which leaves 
a total of 34 patients from which therapeutic 5-year survival values can be 
determined, that is, patients who received definitive therapy and were followed 
for over 5 years. The therapeutic 5-year survival rate of this series is accord- 
ingly 23.5 per cent. 

Although these results are not good, the data demonstrate that cures are 
being attained even in the presence of prolonged delays and frequently trau- 
matie intervention before definitive and adequate treatment is instituted. 

These data should dispel the pessimism expressed by Haagensen and Stout 
when they stated that only 3 patients in a group of 104 reported in the world 
literature (including 9 of their own) were clinically cured for more than 5 
years after treatment. Their statement may be misleading because in the 
series which they present, the final result is noi recorded in 15 instances and 
39 additional patients are living after treatment, but sufficient time had not 
elapsed for 5-year survival rate computations.*° 

TREATMENT 

The treatment of synovial sarcoma revolves about 1 of 3 major disciplines: 
(1) treatment of the primary lesion when no metastases exist; (2) treatment 
of the primary lesion when regional metastases are present; and (3) the treat- 
ment of metastases which appear after the primary lesion has been apparently 
controlled. 


Treatment of Synovial Sarcoma Without Metastases.—Various therapeutic 


measures have been utilized: (1) external roentgen radiation (superficial and 


























Volume 28 RECENT ADVANCES IN SURGERY 1069 
Number 6 


deep), (2) teleradium therapy, (3) interstitial radon irradiation, (4) local sur- 
gical excision, (5) amputation of an involved extremity, or (6) some combina- 
tion of these 1nethods. 

Although cures have been obtained occasionally with radiation therapy 
(2 eases in this series), it is our opinion that this type of therapy be reserved 
only for the unusual case wherein the patient refuses surgery, or in combina- 
tion with surgical extirpation. Adequate surgical resection is the method of 
choice in the treatment of malignant synoviomas. The extensiveness of the 
resection depends on the extent of the disease and its location. When the 
neoplasm involves a hand or foot and is deep-seated, it is almost always essen- 
tial that an amputation of the involved member be performed. The radical 
extent of the amputation will be determined by the clinical stage of the neo- 
plasm. Only for the most superficial lesion of the hands and feet should wide 
local excision be attempted. As a rule, these neoplasms are so intimately 
adherent to all surrounding structures, including the bones (Fig. 6), that local 
excision is too often followed by reeurrence. 

Malignant synoviomas which involve an articular surface (joint) cannot 
usually be resected completely by local excision and here again amputation at 
a suitable distance proximal to the cancer is indicated. For those neoplasms 
about the shoulder, interscapulothoracic amputation may be resorted to, and 
for those about the hip joint, either a hip joint disarticulation or hemipelvec- 
tomy may be the necessary procedure. Each of these procedures has been 
performed by us in the treatment of synovial sarcoma. 

Primary malignant neoplasms of extra-articular synovial tissue may be 
treated by wide local excision. Lesions arising from tendons may be excised, 
providing the lesion is localized and the entire tendon from which the tumor 
arises is resected. Usually, however, as the tumor grows, other tendons as 
well as all contiguous structures become incorporated in the mass (Fig. 1), 
which precludes the choice of local resection. 

When neoplasms arise from bursa (wrist, thighs, abdominal wall, and so 
on), a wide local excision may be performed. For neoplasms of the extremity 
which arise from bursa linings, it is advisable to resect the entire muscle 
groups in which the tumor is growing. If wide local excision is attempted, 
the surgeon should be prepared to perform an amputation if necessary and to 
forewarn the patient preoperatively. Secondary amputations performed in 
this series following an incomplete local excision have not been encouragingly 
successful in curing the disease. 

For those lesions not far distant from lymphatic drainage areas (axillary, 
inguinal nodes, and so forth), it is advisable to resect the lymph nodes in con- 
tinuity with the tumor. This procedure is indicated even if nodal metastases 
are not clinically evident, because of the high incidence of metastases to lymph 
nodes exhibited by malignant synovial neoplasms. Hip joint disarticulation 
should also be combined with deep iliae lymph node dissection. 

We have considered it advisable to give postoperative irradiation when- 
ever malignant synoviomas have been treated by local resection. Although 
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TABLE IX. SYNOVIAL SARCOMA AT THE 
(CASES OBSERVED Fi:0m 
CASE SEX SYMPTOMS MICROSCOPIC | TREATMENT BEFORE COMING 
NUMBER | AGE TYPE | DURATION LOCATION DIAGNOSIS 'TO THE MEMORIAL HOSPITAL 
1 M Painless mass 6 wk. | Left patellar Malignant synovi- | Local excision; recurrence 
J.C. 2 mo. region oma, cellular in 6 mo, 
and capable of 
metastases 
2 M Pain 1.5 yr. | Right heel Malignant synovi- | Exploratory operation and 
R.V.C. | 24 yr. | Mass 8 mo. oma, very vascu-| biopsy 6 mo, before 
lar 
3 M Painless mass 5 mo./ Right foot, Malignant synovi- | None 
1. 6. 64 inner surface oma, abortive 
cell divisions, 
about grade |] 
malignancy 
| 
4 F Painless mass 7 yr. | Left hand, Synovial sarcoma | Local excision 1 yr. be- 
M.S. 25 Rapid growth 14mo.| dorsum | fore with immediate re- 
| currence 
| | 
5 F -ain right knee 8S yr. | Right popliteal | Papillary peri- Light treatment (?) 6 mo, 
F. B. 35 -ainful mass in space to thelial synovioma| before 
right knee 6mo.} superior knee 
joint 
| 
6 M Painful mass 9mo.| Right foot, Synovial sarcoma | Aspiration 2 mo, before 
L. B. 35 plantar surface 
o y , , : 2 Ba 
i J Very tender Left index Malignant synovi- | Local excision; recurrence 
H. M. 45 nodule 7mo.| finger oma | in 2 mo, 
| 
| 
| 
| | 
8 M -ainful mass Left knee, Synovial sarcoma | Local excision plus post 
M. T. 47 after severe anterolateral | operative x-ray therapy; 
trauma d5mo.| aspect recurrence in 1.5 yr. 
9 M Tender 4.5 mo. | Right palm Synovial sarcoma | Aspiration and local ex 
H. B. 19 swelling cision 1.5 mo. before 
10 F Painless lyr. | Left foot, Synovial sarcoma | Local excision—immediate 
F. K. | 44 swelling dorsum | reeurrence; second local 
excision 3 wk. before 
11 | F Painless mass 1.5 yr. | Left knee, Papillary synovial) Local excision 
H. L. } 21 superior and sarcoma, low- | 
| lateral to knee} grade malig- 
joint nancy 
| | 
12 | FP -ainless 9 yr. | Right popliteal | Malignant synovi- | Local excision 9 yr. before; 
J.M. | 29 swelling space oma, perithelial | recurrence 2 yr, later ex: 


type 





cised; second reeurrence 
4 yr. later; excision and 
x-ray 
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RECUR- |END-RESULTS 
METASTASES RENCE AFTER 
TIME | SINCE | TREATMENT 
TREATMENT AT SIZE IN AFTER | ONSET AT THE 
THE MEMORIAL CENTI- TREAT- OF MEMORIAL 
HOSPITAL METERS LOCATION | MENT | DISEASE HOSPITAL REMARKS 

Wide local excision ax4x2 None None 1 Well, 15 yr.| Youngest case of series 
postoperative 4 mo. 
x-ray 

X-ray therapy 5 Pulmonary 7 mo. Died, 1 yr. | X-ray failure 

X-ray therapy fol-| 10x6x5 | Pulmonary Sd yr. | None Died, 10 yr.| Pulmonary metastases 
lowed by ampu- clinically quiescent for 
tation 4 yr. 

Wide local ex- 5 Pulmonary 11 mo. 1 Died 14 mo.| Possibility of benign tumor 
cision followed undergoing malignant 
by mid-forearm change 
amputation 

Wide local ex- 6x5 None None None | Well, 13 yr. 
cision, post- 
operative x-ray 

X-ray therapy; § Pulmonary 2 yr 2 Died, 2 yr. | Patient discharged against 
recurrence in 9 4 mo. advice following x-ray; 
mo. received X-ray and ampu- 

tation elsewhere 1] yr. 
later 

X-ray and amputa- None None 1 Well, 13 yr.| Patient repeatedly trau- 
tion of digit 2 3 mo, matized finger at work; 
yr. later for ir- amputated specimen re- 
radiation vealed no residual tumor 
atrophy 

X-ray therapy 12 Pulmonary On ad- 1 Died, 11 Palliative mid-thigh ampu- 

mis- mo. tation revealed tumor 
sion persistence 

Postoperative 5 None None None | Well, 9 yr. | No evidence of persistence 
X-ray therapy when x-ray therapy was 

given at Memorial Hos- 
pital 

Radium element Pulmonary 6 mo. 2 Died, 1 yr. 
pack 9 mo. 

Postoperative 4 None None None Well, 13 yr.| Past history of rheumatic 
radium element fever, swellings of both 
pack ankles and knees 

Palliative x-ray Pulmonary On ad- 3 Died, 1 mo. 
therapy to lungs mis- 

sion 
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CASE SEX SYMPTOMS MICROSCOPIC TREATMENT BEFORE COMING 
NUMBER AGE TYPE | DURATION LOCATION DIAGNOSIS ''0 THE MEMORIAL HOSPITAL 
13 F Painful mass 14 mo.} Left hand, Perithelial syno- Loeal excision 14 mo. be 
L. 8. 23 dorsum and vial sarcoma | fore; immediate recur 

region of 4th | rence excised; immediate 
metacarpal | second recurrence 6 mo, 
bone | before 
14 Painless 3 mo.| Right superior | Malignant synovi- | Local excision ] mo. before 
C. T. 27 swelling popliteal space| oma 
15 M Tender mass 2 mo. | Left foot, medial| Synovial sarcoma | Incision 2 mo. before 
R. A. 27 after trauma plantar surface| grade 3 
| 
16 F -ainless mass 4yr. | Right hand, Malignant synovi- | Local excision 2 wk. before 
S. A. 52 dorsum oma 
17 M Pain right lyr. | Right scapular | Synovial sarcoma,} Injections (?) 
D.C. 38 hand region highly malig- 
Mass in 6 mo. nant 
axilla 
Mass in scapu- 5 mo. | 
lar region 
18 F Painful mass 13 mo.| Right thigh, Synovial sarcoma | Local excision; recurrence 
M. H. 4] upper third, in 8 mo. 
extending to 
hip 
19 M Painful mass 1.5 yr. | Right hand Synovial sarcoma | Local excision 1 yr. before; 
ey # 16 highly malignant| immediate recurrence 
and anaplastic; 
veins invaded 
20 M Painless mass 7 yr. | Left knee Synovial sarcoma | Local excision 1] yr. before; 
L. M. 25 | recurrence in 6 mo. 
21 F Mass 3) vr. | Base of left Malignant synovi- | Local excision 4 mo, be- 
E. P. 36 Growth of mass 1 yr. thumb oma | fore; immediate reeur- 
rence 
| 
| 
22 F Swelling 10 yr. | Right wrist, Malignant synovi- | Aspiration 
M. R. 28 -ainful swell- 1 yr. volar aspect oma 
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RECUR- |END-RESULTS 
METASTASES RENCE AFTER 
TIME | SINCE | TREATMENT 
TREATMENT AT SIZE IN AFTER | ONSET AT THE 
THE MEMORIAL CENTI- TREAT- OF MEMORIAL 
HOSPITAL METERS LOCATION MENT | DISEASE HOSPITAL REMARKS 
X-ray therapy fol-| 3x2x2 None None 2 Well, 11 yr.| Amputated specimen shows 
lowed by ampu- no persistent tumor 
tation of 2 
fingers for x-ray| , 
atrophy 
X-ray therapy, Pulmonary 3 mo. ] Died, 1 yr. 
Coley’s toxins 
Radium element 6x 7 Pulmonary On ad- l Died, 4 mo.| Marked inversion probably 
pack mis- produced hemorrhage into 
sion tumor; persistent tumor 
present at site of previous 
irradiation 
Therapy refused Axilla On ad No follow- |°‘Clinie shopper’’ 
mis- up 
sion 
Interseapulotho- 10x 15x18 | Pulmonary) 2 yr. Died, 3 yr. | First symptom was pain in 
racic amputa- and pelvic and 3 mo. the hand due to nerve 
tion, postopera- bone 3 mo. pressure 
tive x-ray, 
Coley’s toxins 
Deep x-ray ther- 12x12x6 | Inguinal On ad- l Well, 11 yr.| Unusual instance—apparent 
apy to primary nodes mis- 4 mo. cure to recurrence and 
location; in- sion metastases (proved by 
terstitial radon biopsy) with irradiation 
seeds to ingui- 
nal metastases 
Mid-arm amputa- 5 Pulmonary 1.5 yr 1 Died, 2 yr. 
tion 
X-ray therapy 6x6x8 Pulmonary 2yr 2 Died, 2 yr. | Mass occurred after 
10 mo. trauma; mid-thigh ampu- 
tation elsewhere; opera- 
tive specimen revealed 
persistent cancer 
Amputation of 4x 3.5 None None 2 Well, 11 yr.| Possibility of benign tumor 
thumb, post- present 30 yr. undergo- 
Operative x-ray ing malignant degenera- 
therapy; reecur- tion is suggested 
rence in 6 mo.; 
excision and 
postoperative 
X-ray therapy 
Wide local ex- 7x 3.5 x 2.5 | Skull, eye, 4 mo. | Died, 9 mo.| Marked symptomatic pallia- 


cision plus post- 
Operative ra- 
dium element 
pack; reeur- 

__ tence in 4 mo. 








liver, lymph 


nodes, lung's 











tion from x-ray therapy; 
question the benign proc- 
ess becoming malignant 
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TABLE IX, 
= — a = ——— — 
| | 
CASE SEX SYMPTOMS MICROSCOPIC | TREATMENT BEFORE COMING 
NUMBER | AGE TYPE | DURATION LOCATION DIAGNOSIS |TO THE MEMORIAL HOSPITAI 
| —— 
23 F Trauma and 9yr. | Right popliteal | Synovial sarcoma,! None 
C. T. 23 pain space low-grade malig- 
Mass becoming nancy 
painful 
24 M Painful mass 5mo.| Right elbow Synovial sarcoma | Local excision; recurrence 
J.G. 65 following in 2 mo, 
trauma 
25 F Pain and swell- 4 mo. | Right popliteal | Synovial sarcoma | Biopsy and x-ray therapy 
g psy and x-ray D 
B. H. 60 ing space | 1 mo. before 
Mass 1 mo. 
| 
26 F Painful swell- 2mo.| Second toe of | Synovial sarcoma | None 
A.S. 49 ing right foot | 
| 
| 
| 
27 F ain 7 yr. | Right foot, Synovial sarcoma | Local excision 9 mo, be 
J. Z. 32 Swelling 1 yr. plantar surface | fore; recurrence 6 mo.; 
| second excision and post 
| operative x-ray therapy 
| 4 mo. before 
28 M Painless mass 2 yr. | Right upper Malignant synovi- | Local excision; recurrence 
G.C 50 thigh oma in 11 mo, 
29 F Painfulmass 2yr. | Right knee, Synovial sarcoma,| Local excision; recurrence 
8.58 39 Swelling l yr. popliteal space| fibromyxo- in 1 yr. excised; second 
sarcomatous recurrence excised; third 
type | recurrence, mid-thigh 
| amputation 
30 M -ainless mass 5yr. | Right elbow Malignant synovi- | None 
E. R 38 oma, low-grade 
malignancy 
| 
| 
3 M Mass 18 mo. | Right thenar Synovial sarcoma | Local excision; recurrence 
D. MeD. 49 Growth 12mo.| space in 2 yr. 9 mo, 
32 F -ainless mass 3mo.| Right thigh Synovial sarcoma | Local excision 4 wk, before 
A. MeN. 45 after trauma 
| 
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—CONT’D 
RECUK- |END-RESULTS 
METASTASES RENCE AFTER 
TIME SINCE TREATMENT 
TREATMENT AT SIZE IN AFTER | ONSET AT THE 
THE MEMORIAL CENTI- | TREAT- OF MEMORIAL 
HOSPITAL METERS LOCATION MENT | DISEASE | HOSPITAL 
Wide local ex- 6x4 None None | None | Well, 11 yr. 
cision plus post- 5 mo. 
operative ra- 
dium element 
pack 
Deep x-ray 6 1 Died, 3 yr. 
therapy 8 mo. 
Deep x-ray Brain and 6 mo. 1 Died, 6 mo. 
therapy generalized 
Metatarsal ampu-| 3.5x3x3 | Inguinal 3.5 yr. 1 Died, 5 yr. 
tation of 2nd nodes 8 mo. 
toe; radical 
groin dissection 
in 3% yr. for 
metastases; leg 
amputation 3 
yr. later 
Mid-leg amputa- 9x4x7 Pulmonary 2 yr. 3 Died, 2 yr. 
tion 6 mo. 
Wide local ex- 8x5 Iliac nodes, 6 mo. 2 Died, 1 yr. 
cision; recur- generalized 3 mo. 
rence in 5 mo.; 
x-ray therapy 
None Pulmonary 2 yr. 3 Died, 2 yr. 
Wide local ex- 9x6x5 | None None | None | Well, 2 yr. 
cision, post- (1941 los 
operative x-ray to follow- 
therapy up) 
Right index finger, Pulmonary 2 yr., 1 Died, 3 yr. 
disarticulation 3 mo. 2 mo. 
Radical loeal ex- 4 Groin 6 mo. 1 Died, 1 yr. 
cision plus post- Pulmonary 1 yr. 5 mo. 


operative radi- 
um element 
pack; radical 
groin disseetion 











REMARKS 





Patient refused amputation 
at Memorial, reason for 
x-ray therapy; palliative 
amputation elsewhere 5 
mo, later 


Tumor developed in stump 
18 mo. after traumatic 
amputation of index 
finger 


Good response to palliative 
x-ray therapy to metas- 
tases 
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TABLE IX, 
| 
CASE SEX SYMPTOMS MICROSCOPIC TREATMENT BEFORE COMING 
NUMBER AGE TYPE | DURATION LOCATION DIAGNOSIS |TO THE MEMORIAL HOSPITAL 
33 M -ainless mass lyr. | Right arm, Synovial sarcoma | Local excision; recurrence 
J.B. 68 medial aspect | in 2 yr., 4 mo, excised 
| 
34 M Painful mass 6 mo.| Upper left thigh) Synovial sarcoma | None 
G.C, 20 | 
35 F -ainiess mass, 4mo./ Left forearm, Very malignant | Loeal excision; recurrence 
FP. o9 rapid growth anterior sur- synov.al sarcoma| in 3 mo. 
' 
face 
| 
| 
36 M Mass becom- 18 mo.| Right wrist Synovial sar- | Local excision; recurrence 
C.8. 16 ing painful coma, spindie | in 6 mo, excised; immedi 
cells predomi- ate third recurrence 
nate 
37 F Painless mass 18 mo.| Left wrist Synovial sarcoma | Local excision; recurrence 
S. W. 71 in 2 wk, 
38 M Pain,nomass 3 yr. | Left thigh, lower| Synovial sarcoma | None 
T. B. 50 Mass lyr. two-thirds 
3¢ M Painless mass 2 yr.| Right hand, Synovial sar- | Local excision, recurrence 
PP... 60 dorsum coma, low- | in 1 yr.; x-ray therapy 
grade malig- | 
nancy 
40 M Persistent pain 3 mo./} Right hand, Synovial sarcoma | Diathermy, aspiration, local 
M. H. 51 after trauma palm excision 3 mo, before 
41 F Painless mass lyr. | Left foot, Synovial sarcoma,| Leg amputation 
G. M. 16 plantar surface} highly malignant | 
42 F Pain in left 6 mo. | Upper left leg | Synovial sarcoma,| Partial excision; recurrence 
S.S. 17 leg very malignant | in 4 yr. 
| 
| 
| 
43 F Painless mass Smo./ Left foot Synovial sarcoma Local excision; reeurrence 
D. F. 29 between big | in 6 wk. 
and second toe 
44 F Painless mass 1mo.{ Abdominal wall,| Synovial sarcoma | Local excision; recurrence 
E. G. 40 right upper | in 6 mo.; local excision 
quadrant | and postoperative x-ray 
| therapy; second recur- 
rence in 3 yr. 
. , — , , , ” 
45 . Pain 5.5 yr. | Abdominal wall,| Synovial sarcoma | Local excision; recurrence 
F. L. | 21 -ainful mass 2 yr. left lower | in 6 mo. treated with ex- 
| 
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—CoNT’D 
oo RECUR- |END-RESULTS 
TIME | SINCE | TREATMENT 
TREATMENT AT SIZE IN AFTER | ONSET AT THE 
THE MEMORIAL CENTI- TREAT- OF MEMORIAL 
HOSPITAL METERS LOCATION MENT | DISEASE | HOSPITAL REMARKS 
Surgery refused 2 Well, 1 yr.,| Excision elsewhere after 
and lost patient refused surgery at 
to follow-| Memorial Hospital 
up 
Preoperative Pulmonary 8 mo. 1 Died, 1 yr. 
x-ray therapy; 2 mo. 
left hip disar- 
ticulation 
Amputation re- Pulmonary 1 Died, 3 yr. | Amputation performed else- 
fused; preoper- 9 mo. where 1 yr. later 
ative radium 
element pack 
plus wide local 
excision 
Amputation re- 7x8 Pulmonary l yr., 3 Died, 2 yr. | Amputation performed else- 
fused; radium 10 mo. where 1 yr., 4 mo. after 
element pack irradiation at Memorial 
therapy 
Forearm amputa- 10x4 Pulmonary, 2 mo. 1 Died, 3 mo. 
tion generalized 
Hip joint dis- Bulky Generalized Died, 6 mo.| Local physician advised 
articulation proper type of treatment 
but patient delayed 
Amputation re- 3 Liver, lung, 8 mo. 2 Died, 10 Emergency amputation per. 
fused; no treat- and supra- mo. formed elsewhere at later 
ment clavicular date when tumor hemor- 
rhaged 
Forearm amputa- 7x4x9 l Died, 9 mo. 
tion 
None Bulky Generalized, 1 Died, 9 mo. 
lung, regional 
nodes 
Amputation re- Diffuse and Died, 1 yr. | Low-thigh amputation else- 
fused; pallia- bulky 4 mo. where at a later date 
tive x-ray ther- 
apy and Coley’s 
toxins 
Partial amputa- 4x3 None None None Well, 4 yr. 
hon of foot 4 mo. 
Radical excision 4.5x5.5 | None None : Well, 4 yr. 
and postopera- 
tive x-ray ther- 
apy 
Wide local ex- 8x7 Pulmonary 2 yr. 3 Died, 2 yr. 


cision, followed 
m1 yr. by radi- 
cal groin dis- 
section 
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.3 excision 


CASE SEX SYMPTOMS MICROSCOPIC TREATMENT BEFORE COMING 
NUMBER AGE TYPE | DURATION LOCATION DIAGNOSIS TO THE MEMORIAI 
46 F Feeling of lyr. | Popliteal space, | Synovial sarcoma | None 
M. L. 47 constriction ieft ‘eg 
Tender mass 5 mo. 
47 F ain lyr. | Posterior right | Synovial sarcoma | Biopsy 
BR. A. 28 Mass 2 mo. shoulder, with 
axillary metas- 
tases 
48 M -ainlessmass 3mo.| Right hand on | Synovial sarcoma | Excision followed by metas- 
M. W. 16 5th metacarpal | tases in arm and neck 
bone 
| 
49 F ain 2yr. | Right wrist, Synovial sarcoma |‘‘Ganglion’’ removed; re- 
A.D. 51 Painful mass 6mo.| radial aspect | eurrence in 4 yr 
| plus physiotherapy 
50 M Vague aches 7 yr. | Right foot, Synovial sarcoma | Loeal excision; recurrence 
P. B. 33 Mass 4 yr. medial plantar | in 2 yr.; mid-thigh 
aspect | amputation 
| 
51 M Painless mass 10 mo. | Right thigh, Synovial sarcoma | None 
W. MeA. 38 -ain 1 wk. inner aspect, 
superior to the 
knee 
d2 M -ainlessmass 2yr. | Right wrist Synovial sarcoma | Mid-forearm amputation; 
D.B. 35 | reeurrence and metastases 
in 1 yr. 9 mo, 
53 F Swelling 5 mo. | Left groin Synovial sarcoma | None 
V.H. 30 Pain 4 mo. 
54 M Pain 4 wk. | Right foot, Synovial sarcoma | Local excision 2 wk. before 
H.8. 39 plantar surface} grade 2 
a) M Painless mass 2 yr. | Right knee Synovial sarcoma | Exploration 2 wk. before 
W. D. 35 -ain and 3 mo. 
rapid growth 
after trauma 
o6 M Painless mass 2 yr. | Right hand, Synovial sarcoma | Excision; recurrence in 6 
C. G. 30 dorsum, be- mo, treated with x-ray 
tween Ist and therapy; second recur- 
2nd metacar- rence in 1 yr.; partial 
pals amputation 
57 M Pain in right 5Syr. | Right foot, Synovial sarcoma | Excision, postoperative 
B.S. 22 instep plantar surface x-ray therapy; recurrence 
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ation 








nninnin RENCE AFTER 
| T.ME | SINCE | TREATMENT 
TREATMENT AT SIZE IN | AFTER | ONSET AT THE 
MEMORIAL CENTI- | TREAT- OF MEMORIAL 
HOSPITAL METERS LOCATION | MENT | DISEASE | HOSPITAL REMARKS 
Wide loeal ex- 7x14 Pulmonary l yr. Died, 1 yr. 
cision, post- 7 mo. 
operative x-ray 
therapy 
Interscapulotho- 27 Axillary On ad-| None Well, 3 yr. | Axillary metastases in- 
racie amputa- mis- | 11 mo. cluded in amputation; 
sion | tumor extended down the 
arm and invaded humerus 
Interseapulotho- 3 Vertebra with Died, 1 yr. | Good x-ray palliation to 
racie amputa- spinal cord vertebral metastases 
tion, radical pressure be- 
neck dissection, tween T-2 
and postopera- and T-8, 
tive x-ray generalized 
therapy 
Mid-humerus 4 Pulmonary On ad- 2 Died, 4 mo. 
amputation mis- 
sion | 
| | 
Palliative x-ray 27 | Pulmonary On ad- Living 1 yr.| Good palliation from x-ray 
therapy to lungs mis- with pul- therapy to lung metas- 
sion monary tases 
metastases 
Hip joint dis- 8 Inguinal 6 mo. Died, 10 mo, 
articulation lymph nodes, 
pulmonary 
alliative x-ray Pulmonary On ad- 1 Died, 1 yr. 
therapy to lungs mis- 
sion 
Radieal groin dis- 12 Iliac nodes, 3mo.| None Died, 6 mo. 
section sealp, lungs 
Lower leg ampu- Pulmonary 13mo.| None | Died, 3 yr. 
tation; post- 3 mo. 
operative x-ray 
therapy 
Mid-thigh ampu- 10 Pulmonary 2.5 yr. Died, 3 yr. 
tation 
Forearm ampu- Axillary 7 mo. | Died, 2 yr. | Microscopic section of each 
tation; third re- Multiple bone 2 yr. 4 mo. recurrence was more 
currence in 7 malignant than the pre- 
mo.; intersecapu- vious one 
lothoracie 
amputation 
Palliative irradi- Pulmonary On ad- pi Died, 3 mo. 
mis- 
sion 
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malignant synoviomas are radioresistant, the best results of this series were 
obtained where radiation therapy was administered postoperatively. The type 
of irradiation varies with the depth of the neoplasm. More superficial sites 
may be treated with low-voltage rays (140 kv.) while the more deep-seated 
neoplasms should be treated with high-voltage x-rays (250 to 1,000 kv.). 
Radiation factors used at the Memorial Hospital postoperatively for deep- 
seated lesions are: 200 kv.—l4 eu. filter, 300 r. per day, the size of the port 
varying with the size of the lesion, and a total dose of 3,000 to 3,600 r. x 2 
being administered. With the 1,000 kv. generator, used in the treatment of a 
more deeply situated lesion, the dose may be 250 to 300 r. per day for a total 
of 2,100 to 3,000 r. x 2. 

When the radium element pack was utilized, a dose of 8,000 mg. hr. was 
given daily for 5 days until 40,000 to 120,000 mg. hr. had been delivered at a 
‘adium-skin distance of 10 to 15 em., utilizing the 4 Gm. radium element pack, 
with 0.35 mm. of platinum and 1.50 mm. of brass filter. 


In those instances in which a local excision had been performed, usually 
by the family doctor, and the patient then referred to a cancer clinic, after 
the malignant nature of the tumor had been discovered, it was the practice at 
the Memorial Hospital to administer a full course of irradiation to the opera- 
tive site. At present the policy is to perform a wide surgical resection of the 
previous operative site, and the large number of cases wherein residual cancer 
is found certainly justifies the procedure. <A review of the literature reveals 
that relatively few patients have been subjected to radical surgery early in the 
course of their disease. The combination of a small tumor, mild symptoms, 
and slow growth makes the surgeon reluctant to perform radical surgery, and 
conservative excisions are performed frequently, despite pleas for radical sur- 


gery (De Santo and associates,?* Knox,'* and Coley and Pierson®’). 


TABLE [X 
CASE SEX SYMPTOMS MICROSCOPIC | TREATMENT BEFORE COMING 
NUMBER | AGE TYPE  |DURATION LOCATION DIAGNOSIS | TO THE MEMORIAL HOSPITAL 
58 F -*ainless mass lyr. | Right pectoral | Synovial sarcoma | Local excision; recurrence 
J.V. 41 region in 1 mo, 
59 F Painless mass 6wk.| Right buttock | Synovial sarcoma | None 
. a | 
S. H. 41 Painful mass 3 wk. 
| 
60 F Painless swell- 6 yr. | 4th left toe Synovial sarcoma | Amputation of toe and 
V.D. 24 ing | postoperative x-ray 
Subsided, but 2 yr. therapy; pulmonary 
recurred | metastases 2 yr. after 
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END-RESULTS 
METASTASES RECUR- AFTER 
TIME RENCE | TREATMENT 
TREATMENT AT THE SIZE IN AFTER SINCE AT THE 
MEMORIAL CENTIM- TREAT- |ONSET OF} MEMORIAL 
HOSPITAL ETERS LOCATION MENT | DISEASE | HOSPITAL REMARKS 
Radical mastec- Pulmonary 1 Died, 3 yr. 
tomy, excision 9 mo. 
of axillary vein, 
postoperative 
x-ray therapy 
Loeal excision 2.5 Inguinal 9mo.| None Well, 2 yr. 
plus postopera- nodes 
tive x-ray ther- 
apy; 9 mo. later 
radical groin 
dissection 
Palliative ampu- 3:5 Pulmonary On ad-| None Died post- 
tation of left mis- opera- 
foot sion tively 






































Treatment of Primary Synovial Sarcoma and Regional Lymph Node Metas- 
tases—An important method of therapy for a situation in which neoplastic 
involvement of the regional lymph nodes accompanies the primary synovial 
sarcoma is radical excision of the primary and lymph node bearing regions en 
bloe. The method for attempting a cure in those instances in which involve- 
ment of the upper portion of the extremities requires such procedures as hip 
joint disarticulation or shoulder (interscapulothoracic) disarticulation is to 
perform a radical groin or lower neck dissection, respectively, associated with 
the amputations. 

Whenever the synovioma is located on an extremity but proximal to the 
elbow or knee, axillary or inguinal metastases are present, and the primary 
tumor is movable and suitable for radieal local excision, the ideal treatment 
would be an excision and dissection in continuity to encompass the primary 
site, the regional lymph nodes, and the intervening tissues, namely, skin, fat, 
fascia, and lymphatics. It is unlikely, in our opinion, that any malignant 
tumor will spread through intervening lymphatics and become entirely de- 
posited by embolic transfer into regional nodes without some of the cells 
becoming enmeshed en route. In certain instances, when neoplasms of the 
hands or feet are associated with lymph node metastases, conservative ampu- 
tation of the involved member, followed in 10 to 20 days by a radical axillary 
or groin dissection, has been practiced, with ultimate failure and disaster, 
because this procedure permits the intervening tissues to remain unmolested 
and it is only a matter of time until recurrence develops somewhere in the 
involved extremity. The local surgical measures, radical but short of ampu- 
tation, may be supplemented by radiation therapy ; however, the relative radio- 
resistance of these tumors is such that irradiation should not be used exelu- 
sively if a cure is anticipated. 
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Treatment of Metastases When the Primary Neoplasm Is Controlled.— 
When regional lymph nodes are invaded by malignant synovioma, the treat- 
ment of choice is radical dissection of the lymph node bearing region, when 
technically feasible, after the manner described previously, that is, in con- 
tinuity with the primary lesion or in conjunction with amputation. If the 
synovioma has become fixed to the parietes, has invaded the vessels or the con- 
tiguous bones, radical amputation must be performed. 

Palliative Therapy.—Deep x-ray therapy, in our experience, has offered 
good palliation. Symptoms arising from pulmonary metastases have sometimes 
responded well to a palliative course of irradiation. In 1 instance in this series, 
metastases to the vertebrae received deep x-ray therapy with gratifying symp- 
tomatic results. Local recurrences usually respond well also to radiation therapy, 
which should be utilized in every ease in which operative removal is contra- 
indieated or impossible. 


SUMMARY AND CONCLUSION 


The pathologie and clinical features of 60 cases of synovial sarcoma are 
analyzed and presented. These cases were observed from 1931 to 1948 in- 
clusive and constitute 8.4 per cent of all malignant neoplasms of the soft 
somatic tissues studied on the Mixed Tumor Service of the Memorial Hospital. 

There is no preponderance for either sex and it is essentially a disease of 
younger adults. Sixty per cent of the tumors oceurred between the ages of 
15 and 40 years. The average age was 36.3 years. 

No etiological factor was established in the series, although in several 
cases trauma preceded the symptom and in 3 patients the possibility of benign 
tumor of synovia undergoing malignant change is suggested. 

The tumors were usually extra-articular and the most frequent location 
was the popliteal space. 

No characteristic symptoms complex or roentgenographie features existed 
in this series and the diagnosis must be established by biopsy. 

A reeurrence rate of 63.3 per cent was observed and 26.6 per cent of the 
patients developed a second recurrence. 

The absolute 5-year survival rate was 19.1 per cent. The relative 5-year 
survival rate was 20.5 per cent and the therapeutic 5-year survival rate was 
23.5 per cent. Of the patients suitable for prognostic evaluation, 16.7 per cent 
survived 10 years or more. 

Radical surgery is the one suitable method of ablating synovial sarcoma. 
Radiation therapy may be used to supplement surgery or for palliation. 
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section with (Gius and Grier), 305 
Exclusion, principle of complete, in fistulas 
of small intestine (Harbison), 384 
Explanted gastric mucosa, resistance of, to 
chemical and physical agents (Mil- 
ler et al.), 1 
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male 

755 
of ; 
and 


Extragenital chorioepithelioma — in 
(Shlimovitz and Van Brown), 

Extrahepatic biliary system, pathology 
‘arcinoma of pancreas (Mikal 
Campbell), 964 

Extremities, soft tissues of, fibrosarcoma of 
(Ivins et al.), 495 

Extremity, lower, surgical management of 
chronic indurated cellulitis of (the 
indurated leg) (Lowenberg), 832 

postphlebitic, improved method of venog- 

raphy for preoperative evaluation 
of (Martin and McCleery), 322 


F 


ligament of liver, hemorrhage 
vause of acute abdominal 
(Rosenberg and Karsh- 


Faleiform 
into, as 
symptoms 
mer), 890 
afferent, in peripheral sympathetic 
nerves, functional study of (Free- 
man et al.), 274 
section of preganglionic, and sympathetic 
ganglionectomy, relative effective- 
ness of, in inactivation of smooth 
muscle (Kirgis et al.), 941 
Fibrosarcoma of soft tissues of extremities 
(Ivins et al.), 495 
Fistulas of small intestine, principle of com- 
plete exclusion in (Harbison), 384 
Fractures, experimental infected long bone, 
method of producing, and_ treat- 
ment with penicillin and _ bone 
grafting (Johnson et al.), 534 
plateau, of tibia (Cornell and Hardy), 735 
Function, renal, effects of hypochloremia 
upon, in surgical patients (Ariel 
and Miller), 552 


Fibers, 


G 


Ganglionectomy, sympathetic, and section of 
preganglionic fibers in inactivation 
of smooth muscle (Kirgis et al.), 
941 

Gangrene, gas, experimental, Chloromycetin 
and aureomycin in (Altemeier et 
al.), 621 

Gastric acidity and parietal cells, quantita- 
tive relationship between (Ton- 
gen), 1009 

and duodenal ulcer, acute perforated, re- 
sults of surgical therapy of (Mayo, 
Jr., and Fitchett), 82 

mucosa, explanted, resistance of, to chemi- 
eal and physical agents (Miller et 
al.), 1 

resection, high, new bayonet clamp for 
(Goni-Moreno), 863 

resections, subtotal, for peptie 
complications following 


ulcer, 
(Lyons 


and Grimson), 350 
Gastroduodenal ulcer, genesis of, following 
burns (Friesen), 123 
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Gauze, tantalum, use of, in closure of full- 


thickness defects in chest wall 
(Morrow), 1016 
Gland, thyroid, columnar-cell and squam- 


ous-cell carcinoma (adenoacanth- 

oma) of (Halpert and Thuss, Jr.), 

1043 

parotid, Mikulicz’s disease of 

(Wawro and Fairweather), 767 

Grafts, peritoneal, experimental evaluation 
of: anastomosis of cervical esoph- 
agus (I) (Kleinsasser et al.), 438 


Glands, 


H 
Hands, skin of, disinfecting action of 
pHisoderm containing three per 


cent hexachlorophene on _ (Chis- 
holm et al.), 812 
Head injuries, severe, tracheotomy in man- 
agement of (Echols et al.), 801 
of pancreas, tumors of, problem of diag- 
nosis at time of operation in (Carl- 
son), 672 
Healing on anastomosis, extent to which one 
may interfere with blood supply of 
esophagus and obtain (Macmanus 
et al.), 11 
of soft tissue wounds; effects of nutrition, 
anemia, and age (Levenson et al.), 
905 
wound, and potassium (Findlay, Jr., and 
Howes), 970 
retardation of, by cortisone (Howes et 
al.), 177 
Heart, right, observation on action of pump 


designed to shunt venous blood 
past, directly into pulmonary §ar- 


tery; experimental cardiae surgery 
(1) (Sewell, Jr., and Glenn), 474 
Hemorrhage into faleiform ligament of liver 
as cause of acute abdominal symp- 
toms (Rosenberg and Karshmer), 
890 
quantitative aspects of 
Stewart), 170 
intravascular thrombosis and _ its 
prevention by, experimental  oc- 
clusion of superior mesenteric ves- 
sels with special reference to role of 
(Nelson and Kremen), 819 
Heparinization, regional (Wylie et al.), 29 
Herniated cervical disc, simulation of, by 
Arnold-Chiari deformity (Col- 
clough), 874 
Hexachlorophene, three per cent, pHisoderm 
containing, disinfecting action of 
on skin of hands (Chisholm et al.), 
812 
Hirschsprung’s disease, new surgical treat- 
ment for (Swenson), 371 
Human bronchi, clinical physiology of (1) 
(Morton et al.), 699 
Hypertension, cure of, by 
(Burkland et al.), 67 
lumbodorsal sympathectomy for, some 
physiologie effects of (Simeone and 
Ramirez), 282 


(Rudman and 


Heparin, 


nephrectomy 


SUBJECT 


INDEX 


Hypertensive attacks, control of, by adrener- 
gic blocking agents; pheochromo- 
cytoma (Console et al.), 432 

Hypochloremia, effects of, upon renal func- 
tion in surgical patients (Ariel and 
Miller), 552 


I 


Inactivation of smooth muscle, relative effec- 
tiveness of sympathetic ganglionec- 
tomy and section of preganglionic 
fibers in (Kirgis et al.), 941 

Indurated cellulitis, chronic, of lower ex 
tremity (the indurated leg), sur- 
gical management of (Lowenberg), 
832 

Infant, newborn, rupture of bowel in 

Jr., and MaeMillan), 48 

long bone fractures, experimental, 

method of producing, and _ treat- 

ment with penicillin and bone 

grafting (Johnson et al.), 534 

Infeetion, Clostridium welchii, evaluation of 
aureomycin and Chloromycetin in 
(Sandusky et al.), 632 

Ingestion of lye, carcinoma 
burn of esophagus 
and Vinson), 887 

Injuries, severe head, tracheotomy in man 

agement of (Echols et al.), 801 

cord, urological of, 159 

(B. Rev.) 

wringer 

71 

Instrument, new: Brown electrodermatome 

(Caswell et al.), 860 

tolerance; physiologic effects 

of lumbodorsal sympathectomy for 

hypertension (Simeone and Ra- 

mirez), 284 

International College of Surgeons, 
annual assembly of, 620 

Intestinal activity, effect of 
(Faik et al.), 546 

obstruction (Michel, Jr., et al.), 90 
Intestine, large and small, endometriosis of 
(Coleoeck and Lamphier), 997 
small, principle of complete exclusion of 
fistulas in (Harbison), 384 
strangulated, experimental evidence of 
factors concerned in eventual re 
covery of: effects of massive peni 
cillin therapy (Laufman), 509 

Intracranial angiomatous malformations, 
surgical treatment of (Pilcher et 
al.), 342 

Intraluminal significant 
to technical methods capable of in- 
ducing; thoracic aortic coarctation 
(Clatworthy, Jr., et al.), 245 

intramedullary nailing, important 
factor in; nail design 
744 

Intravascular agglutination of 
(sludged blood) and_ traumatic 
shock (Heimbecker and Bigelow), 


461 


( Lee, 


Infected 


secondary to 


from Bigger 


spinal aspects 


Injury, (Hausmann and Everett), 


Insulin some 


fifteenth 


vagotomy on 


stenosis, reference 


safety 
Peltier), 


erythrocytes 














SUBJECT 


Intravascular—Cont ’d 
clotting, plasma antithrombin test for pre- 
diction of; studies on antithrombin 
(III) (Kay et al.), 24 
thrombosis, its prevention by heparin, ex- 
perimental occlusion of superior 
mesenteric vessels with special ref- 
erence to role of (Nelson and Kre- 
men), 819 
Intussusception, jejunogastric (Watson, Jr., 
and Crandell), 116 


Ileostomies, aids in management of; new 
plastic bag (Dennis et al.), 368 


J 
Jaundice, ascites, and diabetes mellitus; car- 
cinoma of pancreas (Mikal and 
Campbell), 966 
obstructive, as complication of duodenal 
ulcer (Williams), 111 
Jejunogastric intussusception (Watson, Jr., 


and Crandell), 116 


Jones, Sir Robert, John Ridlon, and Hugh 
Owen Thomas, contributions of, to 
modern orthopedic surgery, 160 


(B. Bev.) 


Jugular veins, excision of, with bilateral 
radical neck dissection, venous 
adaptation following (Gius and 
Grier), 305 

Ix 
Kuntscher, medullary nailing of, 987 (B. 


Rev.) 
L 


Leg, ulceration of, saphenous neurectomy in 
treatment of (Atlas), 37 

complications in — sickle-cell 
anemia (II) (Patterson et al.), 401 

Leiomyomas of esophagus (Cornell et al.), 

S81 

myosarcomas; myomatous tumors of 

rectum (Anderson et al.), 642 

Leriche’s syndrome; observations on chronic 
obstruction of abdominal aorta 
(Milanes et al.), 684 


uleers as 


and 


Ligament, falciform, of liver, hemorrhage 
into, as cause of acute abdominal 
symptoms (Rosenberg and Karsh- 
mer), 890 

Ligation of major arteries (Swan and 
Harper), 958 

and transection of abdominal aorta (Ca- 


han and Brunschwig), 950 
Ligature carrier, malleable (Madden), 749 
Lip, lower, cancer of, neck dissections in 

(Modlin), 404 


Liver, hemorrhage into falciform ligament 
of, as cause of acute abdominal 


symptoms (Rosenberg and Karsh- 


mer), 890 
yathology; carcinoma oO 
>. 


4 (Mikal 
and Campbell), 965 


pancreas 
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Long bone fractures, experimental infected, 
method of producing, and _ treat- 
ment with penicillin and _ bone 


grafting (Johnson et al.), 534 


Lumbodorsal sympathectomy for hyperten- 
sion, some physiologic effects of 
(Simeone and Ramirez), 282 

Lumen, double, T tube for common duct 
(Sinaiko and Jefferson), 857 

Lye, ingestion of, carcinoma secondary to 
burn of esophagus from (Bigger 
and Vinson), 887 

Lysis, surgical, re-formation of adhesions 
following (Schiff et al.), 977 


M 


Male breast, cancer of, treated by orchiee- 
tomy (Savlov and Schilling), 867 
Malformations, intracranial angiomatous, 
surgical treatment (Pilcher et 
al.), 342 
Malignant synovioma; synovial 
(Pack and Ariel), 1047 
Malleable ligature carrier (Madden), 749 
Meconium peritonitis (Maguire and Moore), 
568 
Medullary nailing of 
Re v.) 
Membrane, nictitating, and pupil, reactions 


of 


sarcoma 


937 (B. 


Kuntscher, 


of; sympathetic  ganglionectomy 
and section of preganglionic fibers 


in inactivation of smooth muscle 
(Kirgis et al.), 943 

Meningitis, staphylococcic, treatment 
(Teng and Meleney), 516 

Mesenteric vessels, superior, experimental oc- 
clusion of, with special reference to 
role of intravascular thrombosis 
and its prevention by heparin (Nel- 
son and Kremen), 819 

Mikulicz’s disease of parotid glands (Wawro 
and Fairweather), 767 

Mucosa, gastric, explanted, resistance of, to 
chemical and physical agents (Mil- 
ler et al.), 1 

Muscle, smooth, inactivation of, relative ef- 
fectiveness of sympathetic ganglio- 
nectomy and section of pregang- 
lionie fibers in (Kirgis et al.), 941 

Myosarcomas and leiomyomas; myomatous 
tumors of rectum (Anderson et al.), 
642 


of 


N 


Nail design; important safety factor in in- 
tramedullary nailing (Peltier), 744 
Nailing, medullary, of Kuntscher, 937 (B. 


Rev.) 

Neck dissection, bilateral radical, with ex- 
cision of jugular veins, venous 
adaptation following (Gius and 


Grier), 305 
dissections in cancer of lower lip (Mod- 
lin), 404 
Nephrectomy, cure of hypertension 
(Burkland et al.), 67 


by 
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Nerve, peripheral, injuries, atlas of, 460 (B. 

Rev.) 

peripheral sympathetic, afferent 

fibers in, functional study of (Free- 

man et al.), 274 

Neurectomy, presacral, in treatment of dys- 
menorrhea (Fertitta et al.), 729 

saphenous, in treatment of* painful ulcer- 

ation of leg (Atlas), 37 

Neurology, psychiatry, and neurosurgery, 
1948 year book of, 159 (B. Rev.) 

Neuro-radiology, 937 (B. Rev.) 

Neurosurgical patients, nursing care of, 159 
(B. Rev.) 

Newborn infant, rupture of bowel in (Lee, 
Jr., and MacMillan), 48 

Nictitating membrane, and pupil, reactions 
of; sympathetic ganglionectomy 
and section of preganglionic fibers 
in inactivation of smooth muscle 
(Kirgis et al.), 943 

Nursing care of neurosurgical patients, 159 
(B. Rev.) 

Nutrition, anemia, and age, effects of; heal- 
ing of soft tissue wounds (Leven- 
son et al.), 905 


Nerves, 


O 


Obstruction, acute small intestinal and colic, 
comparative studies of (Michel, Jr., 
et al.), 90 

chronic, of abdominal aorta, observations 

on (Milanes et al.), 684 

Obstructive jaundice as complication of duo- 
denal ulcer (Williams), 111 

Occlusion, experimental, of superior mesen- 
teric vessels with special reference 
to role of intravascular thrombosis 
and its prevention by heparin (Nel- 
son and Kremen), 819 

Operation, one-stage multiple approach, for 
cancer of upper and mid-thoracic 
esophagus (Harrison and Pickett), 
771 

problem of diagnosis in tumors of head 

of pancreas at time of (Carlson), 
672 

Orchiectomy, cancer of male breast treated 
by (Savlov and Schilling), 867 

Orthopedic surgery, modern, contributions of 


Hugh Owen Thomas, Sir Robert 
Jones, John Ridlon to, 160 (B. 
Re v.) 
Osteoma, osteoid (Cohen and Van Brown), 
75 
P 
Paget’s disease, perianal extramammary 


(Green and Epstein), 44 
tracheobronchial origin; clinical 
physiology of human bronchi (1) 
(Morton et al.), 699 
Panereas, Boeck’s sareoid of 
and Curran, Sr.), 574 
earcinoma of (Mikal and Campbell), 963 


ain of 


(Curran, Jr., 


SUBJECT 


INDEX 


-ancreas—Cont ’d 

head of, problem of diagnosis at time of 
operation in tumors of (Carlson), 
672 

Pancreatic pathology; carcinoma of pancreas 
(Mikal and Campbell), 963 

-arenteral therapy, failure of urine chloride 
as guide to, and sodium deficiency 
in surgical patients (Randall et 
al.), 182 

-arietal cells and gastric acidity, quantita- 
tive relationship between (Tongen), 
1009 

-arotid glands, Mikulicz’s disease of (Wawro 
and Fairweather), 767 

Pathology of liver, pancreas, and extrahepa- 

tic biliary system; carcinoma of 

pancreas (Mikal and Campbell), 

963-965 

depleted surgical, 

studies in; elinical 

(Nelson et al.), 705 

Patients, neurosurgical, nursing care of, 159 
(B. Rev.) 

surgical, effects of 
renal function in 
ler), 552 


blood volume 


Patient, 
applications 


hypochloremia upon 
(Ariel and Mil- 


sodium deficiency in, and failure of 
urine chloride as guide to paren- 


teral therapy (Randall et al.), 182 
Pediatric anesthesia, 937 (B. Rev.) 
Penicillin and bone grafting, method of pro 


ducing experimental infected long 
bone fractures and treatment with 


(Johnson et al.), 534 
therapy, massive, effects of; experimental 
evidence of factors concerned in 
eventual recovery of strangulated 
intestine (Laufman), 509 
Peptic ulcer, bleeding, Procrustean bed and 
management of (Stewart), 779 (£.) 
complications following subtotal gastric 
resections for (Lyons and Grim- 
son), 350 
Perforated gastric and duodenal ulcer, re 
sults of surgical therapy of (Mayo, 
Jr., and Fitehett), 82 
Peripheral nerve injuries, atlas of, 460 (B. 


Rev.) 

sympathetic nerves, afferent fibers in, 
functional study of (Freeman et 
al.), 274 


Peritoneal grafts, experimental evaluation 
of: anastomosis of cervical esoph- 
agus (I) (Kleinsasser et al.), 438 

Peritonitis, meconium (Maguire and Moore), 
568 

Pheochromocytoma; use of adrenergic block- 
ing agents in operative management 
of (Console et al.), 428 

pHisoderm containing three per cent hex- 
achlorophene, disinfecting action of, 
on skin of hands (Chisholm et al. 
812 

Phlebothrombosis and thrombophlebitis; car- 
cinoma of pancreas (Mikal and 
Campbell), 967 


) , 











SUBJECT INDEX 


Physical and chemical agents, resistance of 
explanted gastric mucosa to (Miller 
et al.), 1 

Physiologie effects of lumbodorsal sympathec- 
tomy for hypertension (Simeone 
and Ramirez), 282 

Physiology, clinical, of human bronchi (1) 
(Morton et al.), 699 

Pigments, insoluble tattoo, permanent camou- 
flage of corneal scars using (Pick- 
rell et al.), 413 

Pilonidal cyst: comparison of surgical treat- 
ments (Kleiman), 851 

Plasma antithrombin test, for prediction of 
intravascular clotting; studies on 
antithrombin (IIT) (Kay et al.), 24 

Plastic surgery award, 160 

Plateau fractures of tibia 
Hardy), 735 

Pleural tears, management of, during thora- 
coplasty (Michelson), 543 

Pneumonectomy, technique of (Ochsner), 585 

Pneumoperitoneum, therapeutic, experiences 


(Cornell and 


with acute surgical abdomen in 
presence of (Rack and Clement), 
896 

Portal venography (Moore and_ Briden- 


baugh), 827 

Postphlebitie extremity, improved method of 
venography for preoperative evalu- 
ation of (Martin and McCleery), 
322 

Posttraumatic epilepsy, 159 (B. Rev.) 

Potassium and wound healing (Findlay, Jr., 
and Howes), 970 

Preganglionice fibers, section of, 
pathetic ganglionectomy, _ relative 
effectiveness of, in inactivation of 
smooth muscle (Kirgis et al.), 941 

Pregnancy, cholecystitis and cholelithiasis in 
young women following (Gerwig, 
Jr., and Thistlethwaite), 983 

Preoperative evaluation of postphlebitie ex- 
tremity, improved method of ven- 
ography for (Martin and Me- 
Cleery), 322 

Presacral neurectomy in treatment of dys- 
menorrhea (Fertitta et al.), 72§ 

Proecrustean bed and management of bleed- 

ing peptic ulcer (Stewart), 779 (£.) 

healing of soft tissue wounds 

(Levenson et al.), 909 

Psychiatry, neurosurgery, and _ neurology, 
1948 year book of, 159 (B. Rev.) 

Pump designed to shunt venous blood past 
right heart directly into pulmonary 
artery, observation on action of; 
experimental cardiac surgery (I) 
(Sewell, Jr., and Glenn), 474 

Pupil and nictitating membrane, reactions 
of; relative effectiveness of sym- 


and sym- 


Protein ; 


pathetic ganglionectomy and section 
of preganglionic fibers in inactiva- 
tion of smooth muscle (Kirgis et 
al.), 943 

Pylorie end of stomach, adenoacanthoma of 
(O’Brien and Meehan), 1005 


| 
| 
| 
| 
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Quadrant, upper outer; carcinoma of breast 
(Deaton, Jr., and Bradshaw), 583 


R 


Rectum and colon, adenomas of (Turell and 
Wilkinson), 651 
myomatous tumors of 
myosarcomas) (Anderson 
642 
Re-formation of adhesions following surgical 
lysis (Schiff et al.), 977 
Regional heparinization (Wylie et al.), 29 
Renal blood flow; some physiologic effects of 
lumbodorsal sympathectomy for hy- 
pertension (Simeone and Ramirez), 
295 
clearance, effects of abdominal surgery 
upon (Ariel and Miller), 716 
function, effects of hypochloremia upon, 
in surgical patients (Ariel and 
Miller), 552 
Resection, experimental, of trachea (Fergu- 
son et al.), 597 
high gastric, new bayonet clamp for (Goni- 
Moreno), 863 
Resections, subtotal gastric, for peptic ulcer, 
complications following (Lyons and 
Grimson), 350 
Resident training and specialization in sur- 
gery (Moore), 161 
Respiration, method of automatic controlled, 
for anesthesia in dog (Adelman et 
al.), 1040 
Retardation of wound healing by cortisone 
(Howes et al.), 177 
Review of recent meetings, 454 
Ridlon, John, Hugh Owen Thomas, and Sir 
Robert Jones, contributions of, to 
modern orthopedic surgery, 160 (B. 
Rev.) 
Rupture of bowel in newborn infant (Lee, 
Jr., and MaeMillan), 48 
traumatic, of aorta (Bradford, Jr., and 
Johnston), 893 


(leiomyomas and 
et al.), 


S 


Saphenous neurectomy, in treatment of pain- 
ful ulceration of leg (Atlas), 37 
Sareoid, Boeck’s, of pancreas (Curran, Jr., 
and Curran, Sr.), 574 
synovial (malignant 
(Pack and Ariel), 1047 
Sears, corneal, permanent camouflage of, us- 


Sareoma, synovioma ) 


ing insoluble tattoo _ pigments 
(Pickrell et al.), 413 

Section of preganglionic fibers, and sym- 
pathetic ganglionectomy, — relative 


effectiveness of, in inactivation of 
smooth muscle (Kirgis et al.), 941 

Shock, traumatic, and intravascular aggluti- 
nation of erythrocytes (sludged 
blood) (Heimbecker and Bigelow), 
46] 
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Shunts, left atrio-inferior and atrio-superior ; 
observations on experimental atrio- 
venous anastomoses (Gerbode and 
Hultgren), 237, 239 
Sickle-cell anemia: surgical 
(Patterson et al.), 393 
Simulation of herniated cervical 
Arnold-Chiari deformity 
clough), 874 
Skin, of hands, disinfecting action of 
pHisoderm containing three per cent 
hexachlorophene on (Chisholm et 
al.), 812 

intestinal and eolie obstruction, com- 
parative studies of (Michel, Jr., et 
al.), 90 

intestine, principle of complete exclusion 

of fistulas in (Harbison), 384 

deficiency in surgical patients and 

failure of urine chloride as guide 
to parenteral therapy (Randall e¢ 

al.), 182 

tissue wounds, healing of; effects of 

nutrition, anemia, and age (Leven- 
son et al.), 905 

tissues of extremities, 
(Ivins et al.), 495 

Specialization and resident 
gery (Moore), 161 

Spinal cord injuries, urological 
159 (B. Rev.) 

Squamous-cell and columnar-cell 
(adenoacanthoma) of thyroid gland 
(Halpert and Thuss, Jr.), 1043 

Staphylococcic meningitis, treatment of 

(Teng and Meleney), 516 

significant intraluminal, reference 
to technical methods capable of in 
ducing; thoracie aortie coarctation 

(Clatworthy, Jr., et al.), 245 

earcinoma of, following surgery 
for ehronie duodenal ulcer (Or- 

ringer), 680 

adenoacanthoma of pylorie end of (O’Brien 
and Meehan), 1005 

Strangulated intestine, experimental evidence 

of factors concerned in eventual re- 

covery of: effects of massive peni- 

cillin therapy (Laufman), 509 

abdominal, effects of, upon renal 

clearance (Ariel and Miller), 716 

sardiae (I) (Sewell, Jr., and Glenn), 474 

for duodenal ulcer, carcinoma of stomach 

following (Orringer), 680 
modern orthopedic, contributions of Hugh 
Owen Thomas, Sir Robert Jones, 
John Ridlon to, 160 (B. Rev.) 
resident training and _ specialization in 
(Moore), 161 
abdomen, acute, in presence of 
therapeutic pneumoperitoneum, ex- 
periences with (Rack and Clement), 

S96 

aspects of abnormal twinning (Farris and 

Bishop), 445 
lysis, re-formation of adhesions following 
(Schiff et al.), 977 


problem (II) 


dise by 
(Col- 


Small 


Sodium 


Soft 


fibrosarcoma of 


training in sur- 


aspects of, 


eareinoma 


Stenosis, 


Stomach, 


Surgery, 


Surgical 


SUBJECT 





INDEX 


Surgical—Cont ’d 
management of chronic indurated cellulitis 
of lower extremity (the indurated 
leg) (Lowenberg), 832 
patient, depleted, blood volume studies in: 
clinical applications (Nelson et al.), 


705 
patients, effects of hypochloremia upon 
renal function in (Ariel and Mil- 


ler), 552 
sodium deficiency in, and 
urine chloride as guide to 
teral therapy (Randall et al.), 182 
problem: sickle-cell anemia (II) -atter- 
son et al.), 393 
therapy of acute perforated gastric and 
duodenal ulcer (Mayo, Jr., and 
Fitchett), 82 
trauma, eosinophil response to (Coppinger 
and Goldner), 75 
treatment for Hirschsprung’s 
(Swenson), 371 
of intracranial angiomatous 
tions (Pilcher et al.), 342 
treatments, comparison of: pilonidal cyst 
(Kleiman), 85] 
types and methods of: 


failure of 
paren- 


disease 


malforma- 


Suture, esophageal 


anastomosis (Postlethwait et al.), 
037 

Sympathectomy, lumbodorsal, for hyperten- 
sion, some physiologic effects of 


(Simeone and Ramirez), 282 
Sympathetic ganglionectomy and section of 
preganglionic fibers in inactivation 
of smooth muscle, relative effective 
ness of (Kirgis et al.), 941 
nerves, peripheral, afferent fibers in, 
tional study of (Freeman et 
27 
Symptoms, acute abdominal, hemorrhage into 
faleiform ligament of liver as cause 
of (Rosenberg and Karshmer), 890 
Syndrome, Leriche’s: observation on echronie 
obstruction of abdominal aorta 
(Milanes et al.}), 684 
Waterhouse-Friderichsen, in differential 
diagnosis of acute abdominal crises 
(Anlyan et al.), 763 
Synovioma, malignant; synovial 
(Pack and Ariel), 1047 


fune 
al.), 


sarcoma 


T 
Tantalum gauze, use of, in closure of full- 
thickness defects in chest wall 


(Morrow), 1016 
Tattoo pigments, insoluble, permanent camou- 
flage of corneal scars using (Pick- 
rell et al.), 413 
pleural, management of, during 
thoracoplasty (Michelson), 543 
Technique of pneumonectomy (Ochsner), 589 
Test, plasma antithrombin, for prediction of 
intravascular clotting; 
antithrombin (II1) (Kay et al.), 24 
Therapeutic pneumoperitoneum, experiences 
with acute surgical 
presence of (Rack and Clement), 896 


Tears, 


studies on 


abdomen in 








SUBJECT 


Therapy, massive penicillin, effects of: ex- 
perimental evidence of factors con- 
cerned in eventual recovery of 
strangulated intestine (Laufman), 
509 

parenteral, failure of urine chloride as 
guide to, and sodium deficiency in 
surgical patients (Randall et al.), 
182 

surgical, of acute perforated gastric and 
duodenal ulcer (Mayo, Jr., and 
Fitchett), 82 

Thiocyanate space volume; some physiologic 
effects of lumbodorsal sympathec- 
tomy for hypertension (Simeone 
and Ramirez), 291 

Thomas, Hugh Owen, Sir Robert Jones, and 

John Ridlon, contributions of, to 

modern orthopedic surgery, 160 (DB. 

Rev.) 

aortic coarctation, experimental 
production of, in dogs (Clatworthy, 

Jr., et al.), 245 

Thoracobronchotomy : 
(Brown), 579 
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